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ADVERTISEMENT. 



In the following pages the Student and Amateur in 
Natural Science are famished with some information 
about most of the mineral substances that are met 
with^ either on the surface of the earthy in rocks^ or in 
mines. There are stiU many others in Nature, besides 
those herein described ; some of which are rare ; several 
have never been Analyzed; others only partially ex- 
amined^ and their proper situation hardly established ; 
and the majority of them are unimportant, especially 
to one little acquainted with the subject. 

In accordance with the natural systems which prevail 
in other branches of Natural History, the classification 
adopted is chemical, and is nearly that of Beudant ; a 
syi^tem which recommends itself by its simplicity. 



A third edition of this useful work being called for 
by the extensive sale of the first and second editions, 
I have added in this edition Mr. Dana^s admirable 
Treatise on Rocks. 

J.W. 

November list, 1855. 



i 



r^. 



1 I 



rx^"^ 










v 



r 




a 




.o 



ii^ 






12 




fi- 



\-. 




^- 







i? 



26 





IB 



11 





19 




21 




22 





23 




^^^ 



Jt-7w Prf.i7e Jkf fiiohlMbom JS-W . 



Z4 



J.W. Li>M^ -p'yb. 



J 



7 riatfi 



.? 



A 



7-/ 



15 



77' 



20 



:v 



'ff 



1 \ 



,:'/ 



V 



23 



I , I 



/ 



.X? 



I' 



'\ 



■•V L 



1^*^ 



V 



«<__ 






^^'' 



^ 



V, 



3 J 



I ' 



A 



(; i-^ 




-^ TfTJ^oti7'\; Sf. 



MINERALOGY. 



i 1. Natural History is a science which consists of manv 

^ * 

hranches; one, which treats of animals, is called Zoology; 
another. Botany, teaches the structure and properties of 
plants ; the third, which makes us acquainted with the inor- 
ganic portions of our planet, namely, stones or minerals, is 
called Mineralogy ; and if, at first sight, it should appear less 
'attractive or less useful than the other two hranches, a very 
little consideration will prove that it is of equal importance to 
mankind, and contributes materially to their comfort, wealth, 
and luxury. From materials found in the interior of the earth 
we erect our dwellings, we sSpply ourselves with fuel, we con- 
struct numberless tools and machines, and, finally, we obtain 
our most brilliant ornaments. 

Some knowledge of many of these substances must have 
been possessed at a very remote period. The most ancient 
nations of whom we have any record manufactured arms, and 
ornaments of gold and silver. The Romans, who made great 
improvements in the arts of civilisation, greatly enlarged this 
knowledge; bringing to light many substances previously 
unknown, and employing them for useful or ornamental pur- 
poses : they were acquainted with several of the precious 
stones, and, with the exception of the diamond, succeeded in 
cutting and engraving on them. 

The elder Pliny, a man of enquiring mind and unwearied 
diligence in the pursuit of knowledge, collected, from every 
source within his reach, accounts of all the natural productions 
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2 MINERALOGY. 

that were then known, or of which any description existed in 
his time ; and he added to these his own observation on such 
as he had actually examined. It is much to be regretted that 
the latter were not more numerous ; for he too often copied^ 
without enquiry, the descriptions he met with ; and h^ trans- 
mitted to us a vast number of inaccuracies and absurdities, 
such as accounts of the magical properties of certain stones, 
plants, and animals, and charms by which particular diseases 
might be cured. 

As civilisation extended, and the arts of life advanced, a 
greater number of useful minerals became known: improve- 
ments in machinery and practical science led to greater facility 
in the working of mines, metals were more sought after, new 
ones were discovered, and new and rich ores of those already 
known were found to exist, which had formerly been thrown 
aside as valueless, from ignorance of their nature. Mineralogy 
now became a subject of importance, anci much attention was* 
paid to it: but it still retained somewhat of a vague and 
unsatisfactory character, from want of knowledge of the prin- 
ciples on which it ought to be based. Chemistry, indeed, 
lent its aid in the analysis of minerals : but it was before 
chemistry itself had been raised to the state of an exact 
science by the wonderful and beautiful law of definite propor- 
tions, — a law which pervades all chemical combinations, whe- 
ther natural compounds or the result of operations in our 
laboratories. This law assists us in ascertaining ^ith precision 
the composition of mineral substances, and consequently in 
identifying mineral species, and giving them their true place 
in a scientific classification. 

The want of some knowledge of the real nature of stones, 
which even a slight acquaintance with mineralogy would fur- 
nish, has occasioned to many persons, within a comparatively 
recent period, very ruinous loss; whilst others have rapidly 
acquired a fortune from profiting, imder similar circumstances, 
by opportunities that had been unseen or totally neglected. 
It is not above fifty years since a man found in Shropshire a 



UNORGANISED BODIES. 3 

considerable vein of sulphate of baryta, which, in consequence 
of its -weight, he mistook for white lead ore, and he erected a 
smelting-house and furnaces for the purpose of reducing it to 
a metallic state. Another person in the same county^ having 
met with some mica in the form of small silvery scales or 
spangles, was persuaded that he had found a silver mine, and 
ruined himself in attempts to obtain the silver. 

Among many other unfortunate adventures which have 
arisen from ignorance of mineralogy, may be mentioned that 
of a poor man, who was persuaded to lay out a hundred 
pounds, nearly tbe whole of some years* / economy, in the 
purchase of a few pieces of white topaz, under the idea that 
they were diamonds. But independently of the utility of this 
science, any one who studies natural history for his amuse- 
ment, will be richly rewarded by the wonders and the beauties 
displayed in the mineral kingdom. 

§ 2. The bodies which are the objects of study to the 
mineralogist, comprise the earthy, metallic, saline, and other 
substances which compose our earth ; that is to say, the un- 
organised part of the creation. 

To understand clearly what is meant by the term unor- 
ganised, let us remember that an animal and a plant are said 
to be organised, because they consist of several different parts, 
all varying in their form, their position, and their functions, 
yet all equally necessary to form a perfect animal or a perfect 
plant; so that to remove any one of them, would be to destroy, 
or at least to render imperfect, the body to which it belongs. 
These parts are called organs ; in animals we find a stomach to 
digest the food they convey to it, and by means of which they 
are nourished and have life ; nerves and muscles for sensation 
and motion: in plants we observe a root to fix them to the 
ground, and absorb nourishment from it, and vessels for the 
circulation of th« sap. 

But in a mineral, in its most perfect state, all the parts 
exactly resemble each other; so that, by breaking it, we 
diminish it in size without destroying its existence or its com* 

B 2 



4 CHARACTERS OF MINERALS. 

pleteness. Take, for example, a flint pebble, or a fragment of 
limestone from a quarry, and break it : we shall find that each 
substance is of the same texture and composition throughout. 
It is true that we may also take up a stone, or break off a 
piece of rock, which has not this homogeneous structure ; as, 
for instance, a granite paving stone : but granite is an aggre- 
gate rock, which consists essentially of three simple minerab, 
each of which may plainly be distinguished on inspection ; and 
mineralogy teaches us to recognise in it, Ist, quartz, which 
usually appears in greyish semi-transparent grains, of a some- 
what glassy appearance ; 2nd, felspar, of a reddish or yellow- 
ish white, and opake; drd, mica, in small scales which have a 
shining and somewhat metallic lustre. 

The present work is designed to afford such information in 
mineralogy as may assist any one to ascertain the names and 
properties of minerals either in studying this branch of science 
at home, or as a means of increasing the interest he may feel 
in collecting during his travels. 

It is true that the essential difference of minerals consists in 
their composition ; but it is not, therefore, necessary to subject 
every mineral to chemical analysis in order to know something 
of its nature. The difference of ^composition is manifested in 
difference of form, structure, colour, weight, hardness, trans- 
parency, &c. ; and an acquaintance with these and some other 
properties or diaracters will, in most cases, enable us to recog- 
nise 'a mineral species ; and to know of what elementary sub- 
stances it principally consists. With these, which are called 
the external and physical characters, we shall endeavour to 
make the student acquainted. 

But it sometimes happens that we meet with a specimen in 
which these characters are not clearly marked ; or some of 
them may have a great resemblance to those of another spe- 
cies : in such cases we may derive great assistance from an 
examination of some of the chemical characters, by means of 
acids and the action of the blowpipe, which have a very 
different effect on different species. 



CRYSTALLINE FORMS. 5 

§ 3. Among the characters of minerals, the most impor- 
tant, because the most constant and obvious, is their regular 
or crystalline form. 

The regular figures of rock crystal and the diamond, 
attracted the attention of the ancients, and are mentioned by 
Pliny : but they were considered, till a much later period, only 
as curious accidental circumstances. Linnaeus was the first 
who suggested that they must be the result of constant pro- 
perties, and might be important in the study of minerals : but 
he appears to have been acquainted with very few, and to have 
neglected the subject. 

Rom de Lisle, a French mineralogist, collected a vast num- 
ber of crystals of different substances, examined them with 
care, and, by comparing together those of the same species, 
found, not only that certain angles were invariable, but that 
figures the most unlike had a relation to each other ; that they 
were derived from some fundamental form, altered by the 
solid angles or edges appearing to be removed, and replaced 
by one or more planes, sometimes small, sometimes so large 
as to efface those of the original solid, and to produce another. 

§ 4. As an example of this relation, let us compare some of 
the crystals which are common to Galena (PI. I.). Fig. 1 is 
a perfebt cube : in fig. 2 the solid angles appear to be removed 
and to be replaced by small triangular planes : in fig. 3 the 
triangular planes are increased so as to meet each other : in 
5g. 4 they are still larger, and intersect each other. The 
crystal now assumes the appearance of an octahedron of which 
the solid angles are replaced by small square planes. When 
the triangular faces increase in size, to the exclusion of the 
sqtiare ones, we have a complete and regular octahedron. 

If the edges instead of the angles of the cube be replaced by 
planes inclining equally on the adjoining faces, ^g, 8, they 
will, if increased, produce a dodecahedron with rhombic faces 
{&Q, 9). The same form will be obtained if the planes which 
replace the edges of the octahedron, as in fig. 10, be enlarged 
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till the original ones disappear. In this figure^ the solid 
angles are of two kinds : six, which coincide with those of the 
inscribed octahedron, are formed by the meeting of four acute 
plane angles; the remaining eight, which agree with the angles 
of an inscribed cube, are composed of three obtuse plane 
angles. 

This connection between solids of very different form wil^ 
be better understood if the student will take a cubic crystal of 
fluorspar, and with a knife, properly placed, and a sharp blow 
from a hammer, detach from each solid angle a small three- 
sided pyramid. The faces so produced will always be equi- 
" lateral, and the solid obtained will be similar to fig. 2 or 3, 
PL I. 

If only four alternate angles of the cube be No. I, 

removed (in the direction of the dotted lines 
No, 1), or, which is the same thing, if four 
alternate faces of the octahedron be enlarged 
till the others disappear^ he will obtain (fig. 6.) 
the regular tetrahedron. 

The modification represented in ^g, 12, Fl. I., a bevelled 
cube, if carried to its greatest extent, would produce a solid 
of 24 faces, which is not uncommon in fluorspar : but it often 
happens that only half of the modifying planes occur, and that 
they are then placed alternately on the similar edges (as in 
the last example they were placed on the alternate angles) : 
the cube thus modified would be represented by fig. 13, 
and if the bevelling planes were enlarged till they effaced 
those of the cube, we should have a pentagonal dodecahedron, 
iag, 14. 

The same planes occur on alternate angles of the octahe- 
dron (fig. 15), and when they are increased, the two modi- 
fications together produce the icosahedron, fig. 16, a solid 
of 20 faces. 

The angles of the cube are sometimes replaced by three 
planes, as in fig, 1 7, which, if enlarged, would finally produce 
a solid of 24 faces, called a trapezohedron,^g, 18« a form often 



CRYSTALLOGRAPHY. 



met with in the garnet. It will easily be seen that the same 
form is derivable from an octahedron. 

§ 5. In this manner, the multitude of crystalline forms at 
present known^ and which amount probably to some thou- 
sands, may be referred to a very small number of simple 
figures, each of which is the base or type of a group. The 
first of these groups consists of the solids we have enumerated, 
which mav all be referred either to the cube or the octahe- 
dron ; besides an indefinite number which may be conceived 
to arise from the replacement of angles and edges by addi- 
tional plaues, and various combinations of those above men- 
tioned. 

The simple forms from which those of the second series are 



No. 2. 



A No. 3. 




derived, are the hexagonal 
prism and the rhombohe- 
dron. The latter solid is of 
two kinds ; No. 2 represents 
an obtuse. No. 3 an acute 
rhombohedron. They must 
not be confounded with the 
oblique rhombic prisms ; for 
the faces of a rhombohedron 
are always exactly similar and equal : and it is represented in 
a symmetrical position when the axis, A X, is vertical ; and all 
the modifications to which it is liable take place symmetri- 
cally with relation to this line, which passes through the sum- 
mits of the rhombohedroQ. If the student examine a model 
of this solid, he will see that these summits differ from the 
other solid angles, (which are termed lateral,) being formed 
by the meeting of three equal plane angles : in No. 2 these 
are obtuse, in No. 3 acute. He will also distinguish the 
terminal edges, t t t, which meet at the summits, from the 
lateral edges which meet in the lateral angles. 

Equilateral six-sided pyramids and triangular dodecahe- 
drons of which the edges are alternately equal twelve- 
sided prisms, either simple or united with some of these. 
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and rhombohedrons of Tarious angles, also belong to this 
group. 

The replacement of the terminal ed^es No. 4 prodaces a 
rhombohedron more obtuse than the primary one No. 5, lod 



No. 4, 
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No. 7. 







the replacement of the lateral edges gives the regular hex- 
agonal prism No. 6 ; its bases resulting from the replacement 
of the summits of the rhombohedron No. 7. 

But if the lateral edges be replaced by two planes this modi- 



 No. 8. 



No. 9. 



No. 10. 






iication, if continued so as to destroy the primary faces, would 
produce a scalene dodecahedron No. 8 : that is to say, of 
which the triangular planes have their sides unequal. 

The double six-sided pyramid with equal faces No. 9, and 
another hexagonal prism No. 10, arise from the replacement 
of the lateral angles of the primary solid ; and it will be seen 
that the lateral faces of this prism correspond in situation with 
the edges of the one above described. 

Among the crystals of calcspar, the student will find all 
these modifications of the rhombohedron and very many 
others. 

The square prism (fig. 19) is the basis of a very symmetri- 
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cal groap, all the lateral faces being equal, and similarly 
situated : for it is a general law in crystallization, that what* 
ever secondary planes are found to replace any solid angle 
or edge of a crystal* every similar angle or edge will be simi- 
larly modified. In the cube, therefore, and all the simple 
solids of that series, every edge and angle undergoes the same 
alterations. 

Various octahedrons, both acute and obtuse (figs. 20, 21), 
prisms with eight, or twelve, or sixteen sides (figs. 23, 24), 
and rhomboidal dodecahedrons, which, though symmetrical, are 
not regular (fig. 22), belong to tbis type (figs. 19 to 24). 

The crystals derived from a right prism with a rectangular 
base, form a series which has less symmetry than these, be- 
cause only the opposite faces, two and two, are equal ; and the 
longer and shorter edges exhibit separate and sometimes very 
different modifications : of these, four and four are equal, and 
in all respects similarly situated, as marked in the diagram. 




No. 12. 



No. 13. 






a 



The second and third figures show the relation of the right 
rhombic prism to this parallelopiped : in the one, by removing 
the lateral edges of the rectangular prism, by planes parallel 
to its diagonals, we obtain one with a rhombic base : and in 
the same manner the rectangular prism may be obtained from 
the rhombic one. Both are primary forms, and from them 
are denved octahedrons with a rectang^ar or a rhombic base. 
In the same manner, from an oblique prism with a rectan- 
gular base, we derive a rhombic one, of which the axis and 
lateral faces will have the same incUnation to the base ; these 
are fun^[^ental figures of the fifth series. The symmetry 

B 5 
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No. 16. 




and equality of the edges and solid angles are indicated by a 
repetition of the same let- ^q. 14. No. 15. 

ters : the secondary forms, 
iffhich are the consequence 
of their various modifica- 
tions, will be noticed in the 
description of such minerals 
as have one or other for 
their primary crystal. It should be observed, that if the 
oblique prism with a rectangular base be 
placed on one of its lateral faces, it may be 
considered to be a right prism, with a rhom- 
boidal base : by comparing the annexed dia- 
gram No. 16 with the former one No. 15, 
the identity of the^ two solids will be evident. 

The last group has for its basis a parallelo- 
piped which has the least possible symmetry; an oblique 
prism with an oblique angled parallelogram 
for its base. No. 17. The only equality both 
of sides and angles, in this solid, is in those 
which are diagonally opposite. 

The forms belonging to some of these 
groups are common to several different sub- 
stances, as for instance, the cubic series, 
which includes the crystals of the native 
metals, of galena, spinel ruby, fluorspar, and several others : 
in the rhombohedral series we find the crystallizations of 
calcspar, the beryl, phosphate of lime and of lead, red silver 
ore, &c. 

§ 6. Crystals are found much more commonly in groups 
than singly, and their modes of arrangement are very various. 
Cubes are sometimes aggregated so as to form an octahedron, 
as we see in fluorspar ; rhombohedrons are sometimes built 
up into the form of a triangular dodecahedron, as in calcspar ; 
prismatic crystals are very often united together at one ex- 
tremity, forming a radiating mass with pointed terminations 
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on the exterior part : this is the case with several kinds of 
zeolite, amethyst, and many other substances. 

§ 7. But the most singular groups are those called macks 
or hemitropes, because they resemble a crystal which has been 
cut in two, and of which one part has been turned half round 
and re-united to the other. . 

Such a division and re-union, ^°- ^^' ^°- ^^• 

has, of course, never taken 
place; a made consists in 
reality of two crystals, united 
by a corresponding face of 
each, but placed inversely with 

respect to each other, and which appear to have increased 
after their union, by a continual addition of particles to each, 
until the plane of junction is considerably extended. This 
plane is sometimes parallel to two opposite faces of the pri- 
mary crystal, as in the example of the regular octahedron : 
sometimes diagonal, as in the oxyde of tin, felspar, and other 
minerals. 

§ 8. In all these numerous forms, we find in the same 
species, the same angles or inclinations of planes, however 
irregular they^may appear from the unequal size of the faces. 
Distorted crystals of quartz are of very common occurrence, — 
one face of the p3rramid is often much enlarged at the expense 
of the others ; yet the inclinations of the corresponding feces 
in this and the regular hexagonal pyramids will be found to 
be the same in both. 

§ 9. In order to ascertain the measure of these angles, 
and thus establish the identity of a species, an instrument 
called a Goniometer* is employed. There are several kinds, 
but that invented by Dr. WoUaston is most generally used, 
being simple in its construction, and easy of appUcation. It 
consists. No. 20, of a graduated circle A B, placed vertically, 
the axis being hollow, in order to enclose an interior one 

* From two Greek words, gonia an angle, and meireo I measure. 
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No. 20. 



supporting a moveable apparatas C, which is turned by means 
of the small circle 6, In order to make use of it, the large 
circle, which is divided twice into 180 degrees, must be placed 
at zero (or 180°), and 
the crystal attached 
with a little wax to a 
small plate a, so that 
the edge may be hori- 
zontal, and as nearly 
as possible in a line 
with the axis of the 
circle. 

Place the instru< 
ment on a firm table 
before an open win- 
dow, from which the 
horizontal lines of some 
building may be dear- 
ly seen, such as the 
ridge of the roof, the 
rail of a balcony, &c. ; 

let the plane of the circle be also, as nearly as' possible, per-* 
pendicular to the plane of the building so viewed. 

Placing the eye then very near, and somewhat above the 
crystal, the inner axis is to be gently turned, until the reflec* 
tion of one of these lines (the higher ones are generally the 
best for the purpose,) is distinctly seen by reflection, c» the 
upper face of the crystal; and this movement is to be con- 
tinued until the reflection appears to coincide with some other 
horizontal line, seen by direct vision ; such as the lower edge 
of the open window, or the edge of the table. If these two 
lines correspond exactly, the face of the crystal is placed 
horizontally; if not, its position must be gently altered by 
means of the jointed apparatus which supports it, or by turn- 
ing the circle d. The same operation, is to be repeated with 
the second face ; and if its position requires to be corrected. 
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the first face must bie re-examined, lest its horizontality should 
nave been deranged. 

Supposing the crystal to be now perfectly adjusted, and the 
reflected line on the first face brought to coincide with a lower 
one, the great circle must be turned by means of c (the crys- 
tal being turned by the same motion,) until the same distant 
line is reflected in the second face, and brought to correspond 
with the same lower line. 

We shall find the value of the angle sought indicated on 
- the graduated circle, which has turned through the space of 
the supplementary angle; but being graduated in a contrary 
direction, the true angle is read off. 

§ 10. It will generally be found that the faces of small 
crystals are more pefectly even than those of large ones; 
they are therefore, in every respect, better adapted for exa- 
mination by the reflecting goniometer. But even in those 
which appear the most perfect, a comparison of the angles of 
.several crystals^ shows that they sometimes difller to a very 
spudl extent, in consequence of slight depressions or elevations 
on their surfaces. But in a great number of substances, 
their natural structure affords us the means of ascertaining 
the angles of the primary form with the greatest precision. 

This structure, which is inherent in their nature, depending 
on the arrangement of the minute particles of which they 
consist, becomes perceptible by the manner in which they 
divide or split when we break them. A slight blow on a 
piece of calcspar will separate it into fragments which are 
either rhombohedrons or parallelopipeds, of which the faces 
meet at the same angles. as the planes of the rhombohedron : 
this solid is therefore, from its symmetry, considered to be the 
primary form of its crystals. 

If the blow be too slight to shatter the specimen, it will 
often produce internal fissures, which are distinctly seen, in 
consequence of the light they reflect, to be plane surfaces 
parallel to the external ones : these are called planes of cleav- 
age ; and calcspar is capable of this kind of division in three 
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directions, with equal facility. Suipbate of baryta, also, has 
three deavages, which are parallel to the faces of a right 
rhombic prism. In this case also, the reg^ular solid obtained 
by cleavage is considered to be the primary form of the 
species, though in the latter instance, the same crystals might 
be derived from (or referred to) a right prism with a rectan- 
gular base. 

§ 11. It will be evident then, that the observation of crys- 
talline structure, where it exists, is of the greatest importance 
in mineralogy, not only as showing the relation between forms 
the most dissimilar, but as affording ready proof of the identity 
of a species, in circumstances where it would otherwise be 
extremely difficult to distinguish it; when, for instance, it is 
disseminated in minute portions through some other min^^: 
felspar, diallage, and some other substances frequently occur 
in such a situation. 

Some minerals, however, may be cleaved with much greater 
ease in one or in two directions than in the third. Some yield 
to cleavage in one direction only, as in the case of mica and 
selenite. 

§ 12. Besides the regular and perfect . crystallizations of 
minerals, of whidi we have given an outline, the aggregation 
of crystals more or less perfect gives rise to numerous con- 
figurations, some of which are peculiar to certain species. In 
some, the crystals are grouped into spheroidal masses, the 
edges or points of the crystals appearing on the exterior of 
the mass, as in blue carbonate of copper, iron pyrites, &c» 

The slender prisms in which many substances crystallize are 
c^ten compressed together lengthwise, and form cylindroidal 
or bacillar groups ; the crystals, even on the exterior, being 
always deformed and their edges rounded. 

The branched and leafy forms and moss-like aggregations, 
so frequently met with in some of the native metals, consist of 
more or less perfect crystals. When the crystals are very 
minute and the branches of a more even thickness, they pre- 
sent the form of coral. 
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§13. The Btalactites which so often occur in caverns, 
irregularly conical or cylindrical in their form, or incrusting 
their walls, are produced hy the deposition of minute particles, 
generally calcareous, from water which percolates through 
their roof or sides. When a small quantity of moisture arrives 
at the inner surface of the roof, hefore a drop is formed suffi- 
ciently large to fall hy its own weight, a portion of it evapo- 
rates, and a ring-shaped film of solid matter is left adhering to 
the rock. Every succeeding drop increases the thickness of 
this film, until at length a slender tuhe is formed, which is 
constantly increased in thickness as well as in length. In 
general the interior is quickly filled up, and becomes perfectly 
solid : but sometimes the stalactites are hollow throughout a 
great part of their length. When the water drops more 
rapidly, a portion of it falls oi^ the floor of the cave, depositing 
there solid particles, which accumulate and produce masses 
resembling moss, fungi, and cauliflowers, which are sometimes 
called stalagmites. 

§ 14« Minerals, also, which do not crystallize, often assume 
definite forms externally, which are characteristic and deserv- 
ing of attention. In some the surface consists of portions of 
spheres of different dimensions : when these are small, some- 
what resembling a bunch of grapes closely pressed together, 
the mass is termed hotryoidal:* when the globular surfaces are 
of larger dimensions, it is said to be mamillated /f calcedony 
and malachite are good examples of these forms : and the no- 
dales of iron pyrites, which exhibit a similar surface on a 
smaller scale, are called reniform^X 

§ 15. We have already remarked that in many substances 
which crystallize, their regular or laminated structure becomes 
visible on breaking them : but minerals which do not yield to 
cleavage in any direction, or with difficulty and uncertainty, 
break into indeterminate fragments : their form varying with 
the texture of the mineral. In those which are crystalline 

* From the Greek word botrus, a cluster of grapes, 
t Lat. mammaf the breast. t L&t. renj a kidney. 
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and may be tenned vitreous, as Qoartz and Beryl, the fracture 
of the broken part is said to be conchoidaU a form which is 
illustrated in the fragments of glass ; a still better example of 
the conchoidal fracture is to be found in breaking a laiige flint 
pebble; the texture of flint is compact and even^ and aU 
minerals possessing the same kind of structure or texture, 
break in a similar, manner. 

In others, which are less hard and compact, the fracture 
will be uneven or earthy. The native metals, if they do not 
afford cleavages, have a hackly fracture, which may be observec} 
on breaking a piece of thick wire, or plate of metal. 

The fibrous structure common to many species, arising from 
an aggregation of delicate prisms, sometimes parallel, some- 
times divergent or radiated, is also evident in the appearance 
of the fracture. Hence the fresh fracture of a mineral makes 
us somewhat acquainted with its structure, and should always 
be remarked. 

§ 16. Among the optical characters of mine]:als, some are 
not only very remarkable, but, like their crystalline forms, 
they belong to the disposition of their particles, and are equally 
constant in the same species. Of such kind are the phenomena 
of refraction : other properties relating to light, such as the 
colours and transparency of minerals, are in some species 
characteristic; bat in others they are frequently varied by 
accidental causes. 

The property of double refraction possessed by many sub- 
stances, is particidarly evident in the transparent varieties of 
calcspar, which have obtained from this circumstance the 
name of doubly rejracting spar. If a line traced on paper be 
viewed through a fragment of this mineral, two line^ vrill 
appear ; and on turning the calcspar round, as it lies on it, 
both images will move until they coincide ; and on turning it 
still farther, one will seem to pass over the other. This is 
because one portion of the hght is refracted in the ordinary 
manner, as we see in glass and water; the other portion, 
called the extraordinary ray, is refracted in a different manner : 
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and it is foand that excepting those substances whose crystals 
belong to the cubic system^ and such as do not crystallize, all 
minerals have, in a greater or less degree* the same property. 

But there is one direction in which a line (or any other 
object) may be viewed through calcspar, without appearing 
double ; this is in the direction of the axis of the rhombohe* 
dron. If the two summits of a rhombohedron, or the bases 
of an hexagonal prism be polished, on placing it over a dot, 
and the eye immediately above it, we shall see but one image 
of it. 

In the crystals also, which are referable to a square prism, 
no double refraction is perceptible in the direction of their 
axis : in both cases it is called the cuns of double refraction. 

In crystals where this kind of symmetry does not exist, as 
when they are derived from prisms that are oblique, or have 
not a square base, there are two axes of double refraction^ 
or two directions in which only a single image will be per- 
ceived. 

The property of double redaction may therefore be valuable 
in assisting us to distinguish minerals, which at first sight 
appear to resemble each other, if, being cut and polished, or 
in irregular fragments, we have no indication of their external 
form. A ^gment of red topaz, for instance, will refract 
doubly: one of spinel ruby, the crystails being octahedral, 
will not. 

§ 17. But as the amount of double refraction is, in most 
substances, very small compared with that of calcspar, it is 
seldom possible to discover, by merely looking through them 
at a line or dot, whether they really possess this property; 
besides the difficulty there may be of having traasparent frag- 
ments of sufficient size to be cut in different directions. A 
simple experiment, however, with polarized light, will deter- 
mine the point. 

Light may be polarized by several different methods ; as, 
by reflection at a certain angle, from a polished surface ; by 
transmission through plates of tourmaline, &c. For the 



18 POLARIZATION— COI^WEKD EING8. 

mineralogiBt, two thin pUtes of this sabtance, cut parallel to 
the Bjda of the cryetal, affijrd the most conveoieBt ^pantue. 
They are to be fixed, each in the aperture of a ahort tube of 
wood or braas, of aooh dimenriona that one ahall be capaUe of 
turning within the other. On looking throng the two platet, 
placed with their axes parallel, we shall see, as in any Binilii 
case, the brown or green colour of the toormaline ; bat if one 
of them be turned, ao that its axis shall be at rifflU angkt to 
that of the other (their planea being still parallel), the light 
will be wholly, or almost entirely, intercepted. On introdoc- 
ing between them a fragment or plate of the mineral under 
inveatigation, if it do not poaaeas the property of doable re- 
fraction, no change will take place : but if it rejract doBblr> 
light will be fiaible, and in a very singular manner : a nnmber 
of concentric coloured rings will be aeen, interaected by a 
Vlack cross. On turning either plate of tourmaline one quad- 
rant of the circle, the appearance will atill be the same; as 
alao when it has described half or three quarters of a reToln- 
tion : but at all the four intermediate points, a white cross will 
take the place of the black one, and the coloured riaga wUI 
occupy the dark apacea that intervened between those of the 
former eet, figs. 1 and 2. 

If the mineral have but one axis of double refraction, and 
the plate be cut perpendicularly to it, the rings will be ciica- 

No, 21. No. 22. No. 23. No. 24. 




lar ; if obliquely, they will be elliptic. 

But if the cryEtal belong to any of those series which indi> 
cate tvio axes of double refraction, there will be two adjoinin); 
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^sterns of coloured rings, traversed by a black cross. No. 23 ; 
and on taming one of the plates of tourmaline so as to produce 
the complementary system of rings, they will have the appear- 
ance represented in No. 24. Many other phenomena pre- 
sented by minerals, when viewed with polarized light, are 
extremely carious and beautifal, but they are far too Numerous 
to be detailed here. 

§ 18. The character of transparency exists in various de- 
grees in minerals : some are perfectly transparent (and when 
colourless also, are said to be limpid) i others, which allow 
objects to be indistinctly seen through them, are semi-trans- 
parent : when they transmit only a little light, they are said to 
be translucent. Some are translucent only on the thin edges 
of fragments; others are qaite opaque. But it should be 
observed whether opacity is really a character of the species, 
or whether it is caused by the intermixture of some foreign 
matter. Opacity is sometimes also the consequence of decom- 
position, loss of water, &c. 

§ id. "With regard to the brilliancy of minerals, there arc 
several kinds of lustre which are very distinct from each 
other: for instance, some have a metallic lustre, others a 
vitreous or glassy lustre : others, again, either from the nature 
of their texture or structure, exhibit an adamantine, oily, resin- 
ous, waan/, pearly, or silky lustre.* Many substances, being 
of an earthy texture, are without lustre, or quite dull: in 
others, according to their degree of compactness, we find 
several degrees and varieties of lustre in various parts of the 
same mass. 

There is also a kind of lustre peculiar to some minerals, 
denominated semi-metallic ; it is very commonly found in mica, 
as well as in some metallic ores. 

§ 20. The degrees of lustre should also be remarked ; the 
highest degree, splendent, is applied almost exclusively to the 

* The pearly lustre which is often to be observed on the bases of 
prismatic crystals, appears to be the result of a laminated structure ; and 
tlie silky lustre, of a fibrous structure. 
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diamond and white carbonate of lead, which from their very 
high refractive power have a greater brilliancy than any other 
substance. 

Many crystals are brilliant; others are shimjig, glistening, 
or glimmering : and these terms apply also to the appearance 
of the fractare, which should always be observed when re- 
cently made, and before it loses the form and lustre that are 
peculiar to it. 

Some minerals which are soft, and have little or no lustre, 
become shining when scratched by a sharp point. 

§ 21. The colours of minerals are either essential to them, 
as in the sulphurets, oxydes, and acidiferous cotnpounds of 
most metals, and in those species of which they are essential 
constituents ; or they are the e6Fect of a casual intermixture of 
these substances in species which, when pure, are naturally 
colourless. Of the latter sort are the colours of felspar, calc- 
spar, rock salt, marble, and jasper, in which the various tints 
of red and yellow are generally due to the oxyde and hydrous* 
oxyde of iron* Other minerals derive a brilliant green colour, 
some from carbonate of copper, others from the oxyde of 
nickel or of chrome. In species of which the colour is a 
permanent character, its intensity is often so far varied by a 
difference of texture or a confused crystallization, that red, 
brown, and green substances appear, in a mass, to be black; 
but on being pulverised, their true colour will be seen ; it is 
therefore advisable, in describing a mineral, to state what its 
colour is when reduced to powder. 

The intermixtures of colouring matter, which are merely 
mechanical, render a mineral more or less opaque : thus, the 
red and yellow jasper, already mentioned, are calcedony (which 
when pure is highly translucent, or even semi-transparent), 
coloured by minute particles of oxyde of iron, which are them- 
selves opaque. But colours, which, though they may not be 
essential to a species, are the result of chemical combination, do 
not impair its transparency: such is the violet tint of amethyst, 
which is derived from a minute portion of the oxyde of man- 
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ganese combined with the quartz ; and the green of the eme- 
rald, which is owing to the oxyde of chrome. 

In consequence of the variable quantity of colouring matter, 
whether chemically combined or otherwise, many substances 
present various tints and shades of colour ; so that we par- 
ticularise them as blood-red, flesh-red, chestnut-broton, lemon- 
yellow, sky-blue, &c. 

Accidental colours, being unequally distributed, often pro- 
duce parallel bands, either straight or curved, and clouded 
forms, as in agates : sometimes the colour takes the form of 
leaves and moss, or runs through the mass in veins, as in 
marble. 

§ 22, There are still other colours, which are neither essen- 
tial to minerals, nor yet produced by intermixture. Some, as 
the sulphuret of antimony, exhibit a brilliant superficial tar- 
nish, in which the prismatic colours are regularly arranged. 
In transparent substances, prismatic colours are perceived in 
the interior, and arise from minute cracks or fissures contain- 
ing films or particles of air : these are often moveable by a 
slight pressure. 

§ 23. A very curious peculiarity of colour called polychro* 
ism* is connected with the phenomenon of double refraction. 
Some minerals, placed between the eye and the light, transmit 
different colours in difierent directions : tourmalines, viewed 
parallel to their axis, are generally opaque ; perpendicularly to 
it, they appear to be green, red, brown, &c. This difierence 
is not observable in all doubly refracting substances ; but in 
some which have two axes of double refraction, three difierent 
tints have been observed. Minerals crystallizing in the cubic 
system never transmit more than one colour, if their composi- 
tion and texture be homogeneous throughout. 

§ 24. In some minerals, a peculiar light is produced either 

by friction or by heating them, which is called phosphorescence. 

On rubbing together two fragments or pebbles of quartz, a 

faint greenish light will be perceived : the same effect results 

* From two Greek words — poltu, many, and chroat colour. 
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from certain marbles. Other substances, when placed on a 
heated shovel, emit a brilliant phosphorescence, which in 
some is green ; in others, pale violet. The best mode of con- 
ducting this experiment, if the specimen is powdered, or in 
small fragments, is to strew it on a shovel heated nearly to 
redness : but if it be an inch or two in length, it is better to 
heat it slowly, and not beyond the necessary degree; by 
which means the operation may be frequently repeated without 
injuring it. 

§ 25. The hardness of minerals is a character very useful in 
distinguishing them : but it iS necessary to ascertain it with 
some precision, by comparing it with that of others. In 
order to facilitate this comparison, a scale of hardness has 
been arranged, which obviates the use of the indefinite terms, 
hard, very hard, rather soft, &c., and it is almost equally vague 
to say that a mineral is harder or softer than some others, 
unless these standards of comparison be very limited in num- 
ber. The scale of hardness invented by Mohs, and which is 
very generally adopted, is subjoined, and may be referred to 
when this character is described, which is now very usual, 
bv a numeral. 

1 . Talc — laminated variety 

2. Rocksalt (or uncrystallized Gypsum) 

3. Calcspar — ^transparent 

4. Fluorspar — crystalline 

5. Apatite — transparent 

6. Felspar — white, crystalline 

7. Quartz — transparent 

8. Topaz — ^transparent 

9. Sapphire — cleavable 
10. Diamond.* 

* The interval between Nos. 2 and 3, and between o and 6, being 
rather greater than the others, some mineralogists have thought it advia- 
able to introduce between the former, Foliated Mica, numbering it 2*5 
(two and a half) ; and between the latter, Scapolite, 5*5 ; in order not to 
alter the original numeration of the scale . 
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It must be remembered that hardness signifies, in mineralogy, 
the resistance which a mineral offers when we attempt to cut 
or scratch it ; and is very different from its tenacity, by which 
we understand its power of resisting a blow. The diamond 
and the sapphire, the former the hardest substance in nature, 
and the latter capable of cutting everything except the dia- 
mond, are so brittle that they may easily be shattered by the 
blow of a hammer; while others, which are very soft, that 
is to say, easily cut or scratched, offer great resistance to a 
blow. 

§ 26. The degree of tenacity of minerals results from their 
elasticity, and is a character depending on their structure. In 
some, which are compact, it is evident from their rebounding 
when thrown against a hard surface; in others, which are 
laminated, from the ease with which the laminse, after being 
bent, retwrn to their former position : several minerals also are 
flexible without being elastic; this is the case with several 
fibrous substances. 

§ 27. The comparative weight or specific gravity of minerals 
is a highly important character, and will often serve to iden- 
tify species. The difference of weight of many substances is 
so great, that we may frequently recognise them immediately 
by this means : jewellers will thus generally distinguish a 
sapphire or topaz from an amethyst or rock-crystal, or from 
coloured g]as|, notwithstanding a similarity of colour and 
form. It is therefore desirable to ascertain the specific gravity 
of minerals with precision. 

In order to do so, we must have a standard of comparison 
which may be termed unity. For this* purpose we make use 
of distilled water, at the temperature of about sixty degrees. 
When, therefore, the specific gravity of gold is said to be 19; 
of lead, 11 ; and of topaz, 3*5 ; it is meant that gold is nine- 
teen times, lead eleven times, and topaz three and a half times 
as heavy as water. 

The method of determining the specific gravity of any solid 
body is very simple : it is first tc; be weighed exactly, in a 
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delicate balance ; secondly, it is to be immersed in water, and 
again carefully weighed ; thirdly, the second weight, whidi is 
always less than the former, is to be subtracted from it; 
fourthly, the first or absolute weight is to be divided by the 
difference of the two : the result will be the specific gravity of 
the specimen under examination. For, the weight lost by the 
immersion in water, is the weight of a quantity of water, 
equal in bulk to that of the solid : we therefore make a com- 
parison between a certain bulk of soUd matter and an equal 
volume of water.* 

Thus, a crystal of topaz weighing 100 grains weighs, when 
immersed in water, only 71*43 grains; and if we divide 100 
by 28*57, which is the difference of the two weights, the result 
will be 3*5, which is the specific gravity of topaz. 

In taking the specific gravity of a mineral, it is scarcely 
necessary to remind the student that it should be most care- 
fully separated from every foreign substance : but even when 
specimens are selected with the greatest regard to purity, it 
will still be found that the results of different experiments vary 
a Uttle. This appears to arise from a difference in their com- 
pacity, or mode of aggregation of their particles. In several 
species, of which a number of specific gravities were taken by 
M. Beudant, he found uniformly, that small well- formed crys* 
tals gave the highest numbers. For instance, small crystals i 
of calcspar were 2*7223 to 2*7234; while portions of a large 
dodecahedral crystal gave a specific gravity of 2*7068, and a 
piece of stalactite, only 2*704. It is desirable, on this account, 
to state, in the description of a species, its highest and lowest 
specific gravity. • 

§ 28. The property of taste is confined to the soluble 
minerals, of which some are astringent, as the sulphate of 
iron; a few, alkaline, as carbonate of soda; others, bitter, 

* A scale made of open mre-work is preferable for immeTsion 
in water, as it offers less resistance to movement in the liquid. In 
all cases it should be accurately balanced when in the water, itf^nst the 
other scale. 
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as Epsom salt; or 80ur, as the sulphuric acid which occurs 
among recent volcanic products : a few, as sal ammoniac, are 
pungent. 

§ 29. There are very few minerals which exhale any odour, 
unless hy the application of heat or moisture. The bituminous 
odour is generally perceptible in the varieties of bitumen, and 
the inflammable substances which contedn it ; and this becomes 
stronger when they are heated. The smell of sulphur, which 
is known to most persons, is immediately perceived in its 
compounds when they are exposed to heat ; and by the same 
means the odour of arsenic becomes evident : it has a great 
resemblance to that of garlic. Friction is in many cases 
sufficient to produce this effect, as in certain bituminous 
limestones. 

On the other hand, many substances when breathed on, or 
otherwise exposed to a slight degree of moisture, give off an 
odour which, from being stropgly perceptible in all kinds of 
clay, is called the argillaceous odour.. 

§ 30. All minerals are more or less susceptible of becoming 
electric, either by friction, by pressure, or by heat ; in some, 
this property may be excited by all these methods. A topaz, 
a tourmaline, and a number of other minerals, when rubbed 
on a piece of woollen cloth, will, like a stick 
of sealing-wax or glass rod (so excited,) 
attract small light bits of cotton or thin 
paper. But the metals, and those ores 
which approach to a metallic state, being 
conductors of electricity, this result cannot 
be obtained unless they are previously iso- 
lated, by placing them on a support of glass, 
or some other non-conducting substance. 
A very small piece of gilt paper attached by 
a silk thread to a bent glass rod, forms a 
simple apparatus which will exhibit the electricity a mineral 
has thus acquired: on approaching it to the gilt paper it 
-will immediately attract it. The specimen, also, should be 

c 
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suspended by a silk thread, or held in a pair of pmcers* 
having a glass handle. 

The substances which become electric by heat, snch as 
tourmaline and topaz, usually exhibit electric poles : that is to 
say, one end of the crystal becomes positively, the other nega- 
tively, electric. This may be ascertained by previously com- 
municating to the gilt paper either kind of electricity. For 
instance, when the crystal is heated, let the gilt paper be 
touched by a stick of sealing-wax that has been well rubbed : 
if the crystal, on approaching the apparatus, repels the paper, 
that end is also neffatively electric, and it will be found that the 
other end attracts it, and is therefore posititfely electric. The 
crystals which acquire electric poles by heat, have another 
peculiarity: namely, that their opposite extremities are dif- 
ferently modified: tourmalines are sometimes terminated at 
one end by three, at the other by six or nine planes. This is 
yet more striking in the substances whose crystals are cubes 
modified on the alternate solid angles. 

However curious we may consider the electric phenomena 
of minerals, they appear to be manifested with too much 
uncertainty to form a distinguishing character. Different 
crystals of the same substance will acquire, some negative, 
others positive electricity, according as they are transparent or 
otherwise; in general, transparent crystals with bright po- 
lished faces become positively electric; and such as are not 
limpid, or have a rough exterior, become negatively flectric. 

§ 31. The only mineral which is capable of becoming a 
magnet or loadstone, is the magnetic oxyde of iron : this 
mineral alone exhibits the magnetic poles; but many iron ores, 
and even many other substances which contain a large propor- 
tion of iron, not too highly oxydised, will attract the magnetic 
needle perceptibly. The metals cobalt and nickel likewise pos- 
sess this property, but less powerfully. 

* The latter plan is objectionable if we wish to ascertain whether the 
substance is capable of becoming electric by simple exposure to beat, 
because many which are not so become electric by pressure. 
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§ 32. Before we speak of the characters which minerals 
offer when chemically examined, it will he proper to say a 
little ahout the varioas elementary suhstances of which they 
consist. We are acquainted with about 500 mineral species : 
some of these are simple or elementary substances : that is, our 
chemical knowledge has not yet enabled us to decompose or 
separate them into different elements. Such are the diamond, 
which is carbon in its purest stat^, and the metals, as goldf 
copper, antimony, &c.; but the greater number of these ele- 
mentary bodies exist only in combination with these, or with 
each other. 

Many substances which might, at first sight, be thought to 
be simple ones, are in reality compounds. Water, for instance, 
consists of two kinds of gas, oxygen and hydrogen, chemically 
combined. In the atmosphere, oxygen exists with nitrogen 
gas, in the proportion of 1 to 4. Oxygen, although it is never 
found alone in nature, exists in so many substances, forming 
oxydes and acids, that it is one of the most abundant mineral 
elements. In the earths, lime, flint (or silica), clay (or alu- 
mina), and magnesia, it is combined respectively with the 
metals, calcium, silidum, aluminium, and magnesium, which are 
called their bases. It exists also united with iron, copper, tin, 
lead, and some other metals, in their ores : the above-named 
combinations are called oxydes. With sulphur, oxygen pro- 
duces sulphuric acid; with nitrogen, nitric acid; with carbon, 
carbonic acid or fixed air. These acids, again, are combined 
with the earthp, alkalies, and other oxydised metals, forming 
sulphates, nitrates, and carbonates. Some of the oxydised 
metals too, as ttfsemc and chrome, play the part of acids, and 
mineralise other metals and earths ; therefore, we have chro- 
mate of lead, arseniate of iron, of lime, &c. : and, among the 
earths, it is found that silica is the most active or mine- 
ralizing agent ; producing silicates of the earths, alkalies, and 
metals. 

Sulphur, not acidified, is foimd combined with several of 
the metals, as iron, silver, copper, &c. : these combinationa 

c 2 



28 ISOMORPHISM. 

are termed sulphurets ; two or more are often combined in the 
same species. In like manner, the compounds of arsenic are 
called arseniurets, of tellurium tellururets, &c. 

§ 33. Some metals, as iron and manganese, combine with 
different proportions of oxygen, and these combinations, which 
are always very different in their properties and characters, are 
distinguished by the terms protoxyde and peroxyde, the latter 
always implying a larger quantity of oxygen than the former : 
in like manner, some of the earths, as silica and alumina, are 
peroxydes; while others, as lime and magnesia, are protoxydes. 
It is important to remember this distinction, because a curious 
property called isomorphism* is connected with it. Isomor- 
phism signifies similarity of form : and it is found that there 
are in nature several elements which have so close a resem- 
blance in the form of their molecules or particles, and in 
their crystalline tendencies, that in numberless minerals they 
replace each other, without sensibly affecting the crystalliza- 
tion of the compound ; or they produce only a slight varia- 
tion in some of the angles. Thus, in the different kinds of 
garnets, we £nd in some more alumina, in others more perox- 
yde of iron, without any -change of form : and in the different 
varieties of augite and hornblende, we find lime and magnesia 
replaced, wholly or in part, by the protoxydes of iron and 
manganese ; their crystallization remaining the same. These 
elements are therefore said to be isomorphous :. and besides 
those just mentioned, the same similarity exists between the 
protoxyde of lead and the earths baryta and strontia ; between 
arsenic and phosphoric acid and some few other substances. 

§ 34. The principal distinction to be made, then, between 
the constituents of minerals, is this : a certain nurhber of them 
are the active elements which mineralise the others.f The most 

* IsoSf Gr.y similar, and morphe form. 

t To explain the classification into electro-negative and electro-positlTe 
substances of the elements of the mineral kingdom, would be encroaching 
too much on the province of Chemistry ; or, at least, would be incompa- 
tible with a work of so limited a nature as the present. 
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simple compounds (coDsisting of only two elements) are called 
binary, and in those which occur in nature it is found that one 
of the constituents must always be one of the twelve following 
substances : 

Oxygen Antimony 

Sulphur Selenium 

Arsenic Tellurium 

Chlorine Mercury 

Carbon Gold 

Fluorine Osmium 

§ 35. But the greater number of the fifty-nine elementary 
substances known to us, form but a small portion of the earth, 
as far as we are acquainted with it. The granite and trap 
rocks^ the limestone, slate, chalk, sand, and clay strata, which 
we meet with all over the globe, consist principally of the 
earths above named, the alkalies potash and soda, iron^ car- 
bonic acid, and chlorine. Water, also, enters largely into the 
composition of many substances as an essential component : 
this will not appear extraordinary, if we call to mind the familiar 
experiment of casting with plaster of paris. 

Of the metals, some, as silver, copper, tin, lead, although 
they are abundant in comparison with tellurium, cerium, and 
others, occur, with the exception of iron (which enters as a 
necessary constituent into many of the so-called earthy mine* 
rals), only in very thin beds called veins, which traverse some 
of the siliceous and calcareous rocks ; while many have been 
found only in a few distant localities, and are unknown, except 
to mineralogists. 

§ 36. With regard to the chemical examination of minerals, 
there are two modes of operation, called the moist and the dry: 
in the former, they are dissolved, either in water, or, if that is 
not possible, in some acid ; in the latter, they are exposed to 
great heat by means of a blowpipe. For the mineralogist this 
mode of operation is by far the most convenient; both because 
the results are quickly obtained, and because very little appa- 
ratus is necessary : he requires, for his furnace, only a lamp or 
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candle ; some strips of platinum foil, and a pair of pincers with 
tips of the same metal, for supporting the specimens to be 
assayed; or, in some cases, a piece of well-bamt and soHd 
charcoal ; and a few small bottles containing fluxes. 

$ 37. The blowpipe, in its simplest form, is a bent tube, 
nine or ten inches long ; at one extremity tapering to a fine 
point. It is used to direct and concen- 
trate a flame, by supplying to it a constant 
stream of air in one direction ; the small 
end being placed just within the flame, and 
the air being furnished by the opei^tor a 
blowing through it. 

Some difficulty may be experienced, at 
first, in producing an equal and uninter- 
rupted stream of air and a steady flame : 
it can only be effected by supplying the 
air, not immediately from the lungs, but 
from the mouth, as from a reservoir, which 
must not be allowed to become ex- 
hausted; otherwise, the experiment will be incessantly im- 
peded by the necessary act of respiration. 

Some blowpipes have a cylindrical or globular cavity, in 
which the moisture of the breath is condensed and retained ;* 
it might otherwise be carried by the draught into the flaikie, 
and would interfere with the experiment. 

A silver tube is the best, as not liable to corrosion ; brass 
communicates an unpleasant smell to the fingers; but a cheaper 
instrument may be made of tinned iron, the cavity being square 
and placed at the bend. In all cases^ however, the tip should 
be of platinum and removable, that it may be cleansed if neces- 
sary, in acid, or by heating it to redness. 

A small lamp, fed either with oil or melted tallow, will fur- 
nish a good flame for the exercise of the blowpipe; but a 
candle with a large wick may be used, and, in travelling, is 
perhaps the most convenient. 

* This cavity is made in two parts and unscrews at or. 
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When the student caa prodace a steady flame with this 
instrument, he will find that it now consists of a cone of yellow 
light, inclosing a hlae one. The heat is most intense at the 
extremity of the blue flame : this is called the reducing flame, 
because it de-oxydises, wholly or in part, the substances that 
are exposed to it, and it is capable of melting a great number 
that are not fusible in the outer one. The latter is called the 
oxydising flame, because, as it does not entirely prevent the 
contact of the air, it permits the subject of experiment to 
become oxydised. 

In the inner flame, some of the metallic oxydes are reduced 
to the metallic state ; and their reduction is assisted by placing 
them on a piece of charcoal as a support, because it absorbs 
the oxygen from them when heated. For this purpose, a small 
hollow may be scraped in the charcoal, and the mineral (pre- 
viously crushed or powdered) fixed in it with a little wax 
or tallow, which will prevent it from being displaced on expo- 
sure to the draught of air, and will quickly bum away. 

A quantity, varying from the size of a mustard seed to that 
of a peppercorn, is ample for most experiments. Sulphurets, 
when heated, give off the odour of sulphur, and after some 
time they are generally reduced to the metallic state. "When 
arsenic is combined with them, the smell of garlic will be per- 
ceived : and the few which contain seUnhnn, aflbrd a pungent 
odour like that of horseradish. 

§ 38. Some minerals, both earthy and metallic, are fusible 
by the blowpipe without addition : but many others cannot be 
melted unless mixed with some alkaline or saline substance, 
with which they fuse into a glass, more or less transparent, or 
a kind of enamel : these salts are called fluxes : carbonate of 
soda, borax, and salt of phosphorus, are most commonly used, 
and they may generaUy be placed with the subject under 
examination on a slip of platinum foil. In some cases, the 
glass produced by fusion is colourless, containing small glo- 
bules of the reduced metal ; in others, it receives from the 
metal a colour which is peculiar to it : thus, the ores of cobalt 
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melted with borax (or common glass,) will always prodoGe <i 
fine clear blue colour : those of manganese, a rich poi:]^ 
that of the amethyst. It must be remarked, howeTer» 
the same metallic oxyde will produce different colours >^ 
different fluxes, or in the two flames; and therefore, ifi 
result of one experiment should not be satisfactory, it 
Often be verified by a second. The annexed table, sho^ 
the results obtained by subjecting several oxydes to the 
of the blowpipe, with different fluxes, will be found usefol 
reference. 

When a mineral is heated in a closed glass tube, by 
ing the flame against and beneath it, if it contain water, it 
be volatilized, and condensed on the upper surface. If, 
be one of the components, the glass may be corroded by 
but this gas is not always disengaged without fusion with, 
of phosphorus. 

§ 39. As it is not possible in this introduction to 
most of the experiments for examining minerals by soh 
we will observe. First, that effervescence on the application 
an acid generally indicates a carbonate: in all carbonatea*^ 
lime the effervescence is very brisk, but in some other S] 
it is scarcely perceptible without the assistance of heat, 
condly, that some minerals that do not effervesce, whea 
solved in acids, are converted into a gelatinous substance ; 
is the case particularly with some siliceous minerals that 
tain a portion of alkali : heat is often necessary to accomj 
this change, and the acid employed should be strong ; bat 
produce effervescence, the acid should be diluted with water; • 
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84 CLASSIFICATION. 



SECTION II. 

Minerals — and in the arrangement of the unorganised 
portion of the globe may be included water, the air, and other 
natural gases — are naturally divisible into three classes, based 
on the mineralising (or electro-negative) principle they contain. 
Each of these mineralising elements is the base or type of a 
family ; the families are divided into genera, each containing 
one or more species. The substances which are comprised in 
the first class have for their type elements which are capable 
of forming permanent gaseous combinations with oxygen, or with 
hydrogen, or with fluorine : they have, therefore, received the 
name of gazolytes* These substances are silicium, boron, car- 
bon, hydrogen, nitrogen, sulphur, chlorine, bromine, fluorine, 
selenium, tellurium, phosphorus, and arsenic. 

In the second class, the mineralising substances are charac- 
terised by forming colourless solutions in acids, and may, there- 
fore, be called leucolgtes.* The bases of the families in this 
class are antimony, tin, bismuth, mercury, silver, lead, alu- 
mina, magnesia. 

The third class unites minerals in which the bases of the 
famiUes produce coloured solutions in acids, whence they have 
been named chroicolytes :\ these substances are manganese, 
iron, cobalt, copper, uranium, palladium, platinum, gold, chrome, 
molybdenum, tungsten, titanium, tantalum. 



Family I. — Silicides. 

Genus I. Silica. 
11. Silicates. 

* From two Greek words, leucos white, and lutos soluble, 
t Chrothos coloured, and lutos. 
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The genus silica contains but two species — 
1. Quartz. 2. Opal. 

Quartz presents very numerous varieties of form, colour, 
transparency, &c. : but it may be distinguished into two prin- 
cipal kinds, vitreous and calcedomc. 

ViTRfious Quartz in Us purest and crystalline state is 
familiarly known as rock-crystal, a transparent colourless sub- 
stance which may be distinguished by the following cha- 
rac]fcers : 

Insoluble in all acids. 

Infusible alone by the blowpipe, but easily melted with the 
addition of caustic alkali into a glass. 

Giving off no water by calcination. 

Crystallizing in the rhomb ohedral system ; primary form a 
slightly obtuse rhomb; inclination of two adjoining faces, 
94° 15'. 

Possessing a certain degree of hardness, considerably greater 
than that of glass, = 7. 

Specific gravity = 2*65. 

Lustre, when transparent, vitreous and shining or brilliant. 

The cleavages are obtained seldom and with uncertainty, 
and when they are produced the surfaces are generally some- 
what curved, showing a tendency to the conchoidal fracture 
which characterises most varieties of this mineral. 

Primary crystals are of rare occurrence, and are generally 



No. 27. 



No. 28. 



No. 29. 






very small. The double six-sided pyramid, also, is seldom an 
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inch in diameter ; bat prismatic crystab are found sometimes 
of very large dimensions. The faces of the pyramids which 
terminate them are sometimes equal and regular^ but in other 
specimens their size is extremely unequal. It is worthy of 
remark, that the faces of the prism, however bright, are almost 
invariably striated transversely to the edges ; but those of the 
pyramids are perfectly smooth and polished. Specimens of 
quartz frequently exhibit only the pyramids of crystals closely 
grouped : this is mostly the case when the structure of the 
mass is radiated. 

Crystallized quartz is of various colours ; when of a purple 
tint, it is called amethyst. The ancients valued this gem for 
the property which their superstition attributed to it, of pre- 
serving from intoxication any person who wore it.* 

In Brazil, rock-crystal is found of a clear topaz yellow, of 
various depths. Smoke-brown crystals, also, which are called 
Cairn Gorm stones.f are often perfectly transparent ; but this 
colour is sometimes so dark as to render the quartz black and 
opaque. 

Red oxyde of iron dispersed through quartz gives it a bright 
red colour, but renders it opaque: very perfect crystals of 
this kind, of a small size, are found at St. Jago de Compos- 
tella, in Spain. The neighbourhood of Bristol furnishes speci- 
mens of a similar kind, as well as yellow quartz. These ferru- 
ginous varieties, called, by the Germans, Eisenkiesel (ironflint), 
consist sometimes of minute crystals aggregated together, and 
cemented by ochry oxide of iron, forming a granular mass. 

Quartz is occasionally found in crystalline forms belonging 
to other minerals, such as the cubes of fluorspar, lenticular 
crystals of gypsum, and dodecahedrons of calcspar : these are 
called pseudomorpkous crystals, and have neither transparency 
nor brilliancy. In some cases, the quartz has formed an in- 
crustation on crystals which have afterwards been removed by 

* A, Gr., not, and methustos drunk. 
', t From the mountain Cairn Gorm in Scotland. • 
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decomposition : in others, quartz has filled up, and» as it were, 
been cast in the empty mould left by previous decomposition. 

There is also a singular variety of quartz of so spongy a 
texture, that the multitude of insterstices filled with air enable 
it to fi oat on water : it is called fioatstone or nectic quartz, 
and is found in the calcareous formations near Parisr 

Massive quartz of a pale rose colour, strongly translucent, 
is found in considerable quantity in Bavaria : it is generally 
much veined, and the colour is unequal. It occurs in other 
localities, but of inferior beauty. The fracture of rose quartz 
has a somewhat oily lustre, which is observable also in the 
white massive quartz which forms considerable veins in gra- 
nite, slate, and other rocks : this kind is nearly or quite 
opaque. 

Sand is quartz in minute grains, rounded or angular, some- 
times white, but more often coloured reddish or yellowish 
brown, by oxyde of iron. In sandstone the grains are ce- 
mented, and intermixed with sometimes siliceous^ sometimes 
argillaceous, and less often by calcareous matter. Of the 
latter kind, beautiful groups of crystals have been obtained 
at Fontainbleau, having the form of a rhombohedron of 
calcspar. 

Sandstone is found in Brazil and China, which, when cut 
into thin slabs, is distinctly flexible. 

Prase* is quartz rendered nearly opaque,, and of a dark 
green colour, by minute fibres of actinolite penetrating it 
in all directions. Saxony and Bohemia produce the finest 
specimens. 

The beautiful stone called avanturine is quartz of a finely 
granular structure, reflecting the light from an infinity of 
brilliant points. There is another kind in which an efl^ect 
nearly similar arises from the interspersion of minute scales 
of ^old-coloured mica. \ 

The Cat's Eye, a gem much prized in the East, is quartz of 

* Prason, Greek, a leek ; from its colour. 
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a closely fibrous structure, so that when cut in a convex form 
it reflects, like satin spar, a bright band of light with a silky 
lustre. Its most usual colours are greenish grey or a deep 
orange inclining to brown. It has been brought from near 
the Ciape of Good Hope; but Ceylon is its chief locality. 
The finest ameth3r8t8 are brought from India and Mexico : the 
largest rock-crystals from Madagascar. Avanturine is often 
found in rolled pebbles, in Spain, Brittany, and some other 
places ; also, massive (quartz rock) in some parts of the Alps, 
and Scotland. 

. Cdcedonic quartz, — In its chemical characters it nearly re- 
sembles rock-crystal: but when calcined it becomes white: 
its hardness is the same, with greater tenacity. The fracture 
of all the varieties is conchoidal ; in black flint very large and 
perfect, but seldom having any lustre. 

Cfdcedony is in general strongly translucent, sometimes 
semi-transparent, and of a bluish or yellowish- white colour: 
more rarely of a pale blue, inclining to lavender. In some 
rocks it fills the greater part of veins in parallel layers of 
diflerent shades, alternately translucent and opaque: and it 
lines, with similar layers, large and small cavities, partly filling 
their interior with stalactitic and mammellated forms, which 
are sometimes covered with quartz crystals. Very fine speci- 
mens of this kind are obtained from the basaltic and amygda- 
loidal rocks of the Ferroe Islands and at Oberstein,* in the 
Palatinate, where this and many other varieties of calcedony 
and agate form large veins, and have been quarried for ages. 

Onyx is a striped calcedony formed of alternate layers of 
brown and white : this kind has been much esteemed since a 
very early period for the small sculptures of heads and figures 
called cameos. By the skill of the artist, a brown or a white 
layer is made to serve as a back ground to the figures which 
are left in relief on it : and by cutting it to different depths 
difierent tints are obtained, suited to the various parts of the 

* About 30 miles southward from Coblentz. 



CAMEOS — SARDONYX — HORNSTONE. 39 

subject. The ancients have left many beautiful works of this 
description ; among others, there is, in the National Museum 
at Paris, one representing the Apotheosis of Augustus, which 
measares eleven inches by nine. The Mantuan vase, at 
Brunswick, supposed to be the largest cameo in existence, 
is a vessel about seven inches high, shaped like a cream-jug : 
the figures, which are white and yellow, relieved on a brown 
ground, represent Ceres and Triptolemus in search of Pro- 
serpine. 

Camelian* is a variety of calcedony which has a slightly 
shining lustre when broken : the white and pale red carnehans 
are mostly cut from pebbles which have naturally those colours: 
but when they are deep red they have had their tints bright- 
ened by exposure to the sun's rays. In its native state, this 
kind appears of an intense brownish red ; and in commerce is 
generally called sarde.f Camelian pebbles are common in 
many of the sandy plains of Africa, India, and Asia Minor. 

Sardonyx implies a striped or onyx calcedony, in which some 
of the bands are of a red colour. 

Flint is a well-known variety of compact silica, which occurs 
chiefly in pebbles or nodules. The black flints that are used 
for guns are distributed through the chalk in extensive beds : 
they are often partly calcedonic, or contain crystallized quartz 
in their cavities. The analyses of flint show that in some 
instances a minute proportion of carbon, and sometimes of 
carbonate of lime, is combined with it, supposed to be the 
remains of organised matter. 

Hornstone difiers from flint chiefly in having a less even - 
texture, and in breaking with a splintery uneven fracture ; it 
constitutes large masses and beds in limestone rocks, and is 
frequently the petrifying substance of wood and madrepores, 
in which the organic structure is perfectly distinct, and the 
colours are sometimes beautifully varied. 

^ iCarnelian; came from carOf Lat., flesh, On account of its colour, 
t Sard ; either from Sarxt Gr., flesh, or Sardis in Lydifi, whence it was 
first obtained. 
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Chrysoprase* is calcedony of a bright clear green colour, 
which it derives from a minute portion of the oxyde of nickel. 
It is peculiar to Lower Silesia. When the colour is equals and 
the chrysoprase strongly translucent^ it is very beautiful, and 
much valued as an ornamental stone. 

Bloodstone or Heliotrope^ is an intimate mixture of calcedony 
with a substance called green earth, which owes its colour to 
iron. It is opaque, or nearly so, unless when the mixture of 
the two minerals is incomplete. The red spots, which it often 
contains, are jasper ; but it is said that the name bloodstone 
is not derived from these, but from a belief that the stone had 
power to stanch an effusion of blood. 

In moss agates and mochastones, green earth and other 
colouring matters occasion dendritic forms which resemble 
leaves and moss. But agate is a name given to many com- 
binations of calcedony, camelian, quartz^ amethyst, and even 
flint and jasper. 

The last-named substance is calcedony or flint coloured by 
ft large proportion of peroxyde of iron. The brown Egyptian 
pebbles are jasper: and bright red and yellow jasper intersected 
by slender veins of white quartz occurs in masses of great 
extent in Sicily and the Apennines, besides many other locedi- 
ties. It is sometimes green and deep yellow. 

Flinty slate or Lydian stone, the touchstone of the jewellers, 
is a kind of flint containing carbonaceous matter: it forms 
strata of small extent in limestone rocks. It is black, or dark 
blackish green, and opaque. In order tp ascertain the fineness 
of gold, it is drawn across the stone, and the trace of metal is 
assayed with acid. 

2. OpalJ (Hydrate of Silica). 

* The ancients gave ibis name to a stone which, as the name imports, 
was of a golden green colour (chrusos gold) : it is doubtful whether the 
modern chrysoprase is the same substance. 

f Pliny speaks of heliotrope as a stone that was used for solar observa- 
tions : helioa the sun, and trope a turning. 

X Opal, from ops the ey^ : it was belieTed, anciently, to have the power 
of strengthening the sight. 
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Precious or nolle opaL — ^This variety is the one most gene- 
rally known ; its great beauty rendering it a valuable object of 
research. 

It is vitreous, transparent, and has a pale bluish or yellow- 
ish tinge; sometimes also it is milky and semi-transparent. 
It exhibits the most brilliant colours in flashes and sparkles, 
and sometimes the interior of the stone seems filled with 
coloured light. It is rather less hard than quartz, and more 
fragile, particularly when much veined with cracks. Specific 
gravity 2*11 to 2* 3. By calcination it gives off water, of 
which it contains from 6 to 1 1 per cent. 

Opal sometimes loses partly, or even entirely, its beautiful 
play of colours, especially if kept in too warm a situation : this 
is attributed to its losing some of the water essential to its 
composition : from the same cause it sometimes falls to pieces. 
The largest and finest specimens are brought from Kaschau in 
Hungary, where small masses are embedded in a cellular por- 
phyritic rock : they seldom exceed a nut in size ; but there is 
a splendid specimen in the Imperial collection at Vienna, about 
as large as a man's fist, probably. unique. It has been disco- 
vered more recently at Honduras. 

. Fire opal^ (Girasol), a Mexican c'ariety, of a dull yellow or 
reddish colour, semi-transparent, which reflects in the interior 
a. bright red light. 

Common opal, — It is so called, when transparent and vitreous, 
vrithout reflecting the brilliant colours of precious opal. 

Semi-opal or pitch opal (Opale ferrueineuse ; Sil^x r^sinite ; 
Jaspe-opale,) occurs of many shades of yellow and red, passing 
even to dark brown tints, chiefly from the intermixture of 
peroxyde of iron and alumina, which renders it opaque or 
feebly translucent. The fracture of semi-opal is conchoidal 
with a waxy or resinous lustre. It is less hard thab quartz, 
and more brittle ; characters which, together with its lustre, 
will distinguish it from jasper, with which, however, it appears 
to be sometimes intermixed, passing into it by imperceptible 
gradations. 
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Cacholong* is a bluish-white translucent opal, having a 
vitreous lustre, which is sometimes interstratified with calce- 
dony. The exterior is often in a decomposing state, and is 
then opaque, with a compact earthy fracture, and from its 
strong disposition to absorb water will adhere slightly to the 
^ tongue. 

Hydrophane\ belongs to this variety ; it is opaque and dull ; 
but on being immersed in water it gradually becomes trans- 
lucent, emitting streams of minute air-bubbles : some pieces, 
after immersion, present the brilliant colours of precious opal. 

Menilite, so named from its locality, Menil Montant, near 
Paris, is of a dark liver colour, sometimes greenish, and occurs 
in flattened reniform masses, which break with a somewhat 
. slaty structure, and but little Justre. 

Siliceous sinter (Opale incrustante ; Tuf du Geyser) : this 
is a deposition of opaline silica from the water of the boiling 
springs in Iceland. It is usually of a light grey colour, and 
varies much in its texture : specimens from the interior of the 
basin are compact, with a glistening lustre, and appear strati- 
fied, as if produced by successive depositions; those from 
without the basin are generally porous, and inclose fri^ments 
of grass and herbs: sometimes it consists of small rounded 
pearly masses. 

Hyalite (Muller's Glass) occurs in small rounded masses, as 
if dropped on the surface of the rock. 

• 

Silicates. 

The genus silicate includes the greater part of the species 
which form the crystalline and aggregated rocks : it also 
comprises most of the minerals called precious stones, and of 
those which on account of their hardness and beautv are well 
adapted for onamental purposes. 

Aluminous silicates, either simple or combined with silicates 

* From the river Cach in India. 

t HudoTj Gr., yi&teTf and ephane it shines. 
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of other bases, are the most numerous, and the most abundant 
of the species. 

1. Kyanitb (Disth^e, Sappare, Rhaetizite). 

In the mica-schist of St. Gothard and some parts of the 
Tyrol are found embedded crystals of this mineral : they are 
prisms, having generally eight sides, rarely with any perfect 
terminations, and cleavable with ease, parallel to the broader 
faces of the prism. Kyanite is generally pale blue, sometimes 
colourless ; transparent, with a somewhat pearly lustre, and 
sufficiently hard to scratch quartz. Specific gravity ^'50. 
Before the blowpipe, infusible. The variety called Rhsetizite 
is radiated, and sometimes of a pale red or lilac colour. 

This mineral contains about 36 per cent, of silica and 64 of 
alumina — it is a subsilicate. It is often associated, in the same 
rock, with small garnets and the following species. 

2. Grbnatitb (Staurotide ; * Pierre de croix). 

The crystals of grenatite, when black, are opaque ; but they 
are often of a dark brownish-red colour, and translucent. 
They are either rhombic prisms (obtuse angle 129° 20') or 
hexagonal, and are frequently grouped so as to form a cross. 
The fracture is vitreous, or 
inclining to resinous. Spe- 
cific gravity 3*2 to 3*9 : 
hardness, about the same as 
of kyanite. It has never 
been found massive, nor in 
slender or radiated crystals. Grenatite consists of silica with 
alumina and peroxyde of iron ; but the proportion of the two 
latter, being isomorphous, varies in different specimens. 

3. SiLLiMANiTB, a Combination, in equal proportions, of 
silica and alumina, which crystallizes in oblique rhombic 
prisms of a grey colour, has been found only in Connecticut : 
it is harder than quartz. 

Porcelain Earth (Kaolin), a white earthy mineral of soft 
fine texture, has nearly the same composition ; but from some 
* Stauros, Gr., a cross — Grenatite, from its garnet colour. 
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localities it contains water. It proceeds from the decomposi- 
tion of felspar, and in some granitic districts forms extensive 
beds. Large quantities are obtained at St. Aostle's Moor in 
Cornwall, for the use of the porcelain mann&ctories. 

There are several species of silicate of alomina combined 
with water, among which are 

4. Fullers* Earth (Terre h, foulon)» a soft earthy sub- 
stance of a light brown or greenish grey ccdonr : it falls to 
pieces in water and readily mixes with it, but does not form a 
plastic paste. 

Citnolite, a reddish earth from the island of Cimola in 
the Archipelago, is a similar substance, and used for the same 
purposes. 

Bol, of a bright red colour, which it owes to the peroxyde 
of iron, and a paler sort obtained from Lemnos, which is 
much esteemed in the fkist for its supposed medicinal virtues, 
are nearly the same substance. 

Kollyrite^ halloysite, pholerite, lenzinite, and rock soap, so 
called from its soft soapy texture^ belong to this group of 
species: they all consist of the same constituents; silica, 
alumina* and water, with small quantities of iron. They do 
not crystallize, and afford water on being heated in a closed 
tube. 

Lithomarge, of a yellowish or reddish colour, is an earthy 
substance, which is more abundant, particularly in Saxony, 
where it fills veins, intermixed with topazes aud quartz. 

Silicates of Alumina with Glucina. 

5. Emerald (Smaragd). 
Beryl or aquamarine. 

These two minerals are essentially the same substance, and 
differ only in their colouring matter ; which in the emerald is 
oxyde of chrome, and in the beryl, oxyde of iron. The crys- 
tals of both are hexagonal prisms, sometimes modified, but 
rarely with pyramidal terminations. The prisms of the beryl 
are often rounded and deeply streaked laterally. Their hard- 
ness is between 7 and 8, which is greater than that of rock 
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crystal. When broken, the fracture is generally conchoidal 
and perfectly vitreous. Composed of silica 68*3, alumina 
17*60, glucina 13. The beautiful green of 
the emerald is always the same, varying only ^°' ^^' 

in depth: the beryl is sometimes greenish- 
blue, sea-green, of different shades of yellow, 
and occasionally almost colourless. Small 
and moderate sized crystals are generally 
transparent: the finest of^these come from 
Brazil and Siberia, where they are associated 
with quartz and topazes. The opaque beryl is of a greenish 
or yellowish white colour, and is found in crystals of immense 
size. In North America prisms four feet in length are said to 
be found embedded in granite and gneiss rocks ; the planes of 
the prisms being five inches in width. In France, also, near 
Limoges, they occur of very large size. Both varieties are 
fusible by the blowpipe, but with some difficulty, into a frothy 
glass. 

6. EucLASB,* a very rare mineral, containing 21 per cent, 
of glucina, has been round only in Brazil and Peru, in trans- 
parent crystals of a pale bright green colour. Its form is an 
oblique prism variously modified. Euclase is characterised by 
its great brittleness, the facility with which it becomes electric 
by heat, and the length of time it retains this property. 
These characters and its crystallization distinguish it from 
beryl and from the following species. 

7. Chrtsobkrtl (Cymophane; Oriental Chrysolite). • 
Its crystals, derived from a right rectangular prism, arc 

often much modified, and have a tabular appearance. In 
Connecticut and other parts of the United States, they are 
embedded along with beryls and garnets. In Brazil and 
Ceylon they occur as rounded pebbles in the sand of rivers, 
intermixed with zircons, spinel rubies, and other hard sub- 
stances which have been washed out of the debris of rocks, 
their original repository. 

* Eu, Gr.t easily, and clasis a fracture ; from its brittleness. 



46 OAB.NET. 

The colour is a very pale green inclining to yellow, some* 
times displaying in the interior a bluish floating light. On 
account of its pleasing ccdour and great hardness it is em- 
ployed in jewellery. Its specific gravity, which is 3*6 to 3*7 — 
its greater hardness, which is above that of topaz — its com- 
plete infusibility and its crystallization— ^listinguish it from the 
two preceding species, and from topaz. It contains 15 or 16 
per cent, of glucina. 

Silicates of alumina with lime> iron, &c. 

8. Garnbt. 

There are several kinds of garnet, differing from each other 
in their colour and transparency, and even in their composi- 
tion, yet having the same crystalline forms and nearly the 
same hardness; and being all fusible by the blowpipe, and 
insoluble, or with difficulty soluble, in acids. Most of the 
varieties afford distinct cleavages parallel to the faces of a 
rhomboidal dodecahedron, which is therefore to be considered 
their primary form; their hardness varies from 7 to 7*5, and 
specific gravity from 3*35 to 4*24. 

Pyrope (Almandine ; Precious garnet) is of a crimson-red, 
inclining to violet or to brown ; generally transparent, or 
strongly translucent. Crystals, either simple dodecahedrons, 
or with the edges replaced, or trapezohedrons (figs. 9, 18), 
which are embedded in rocks, particularly those of the older 
formations, where it also occurs in roundish grains. Fracture 
vitreous, and generally conchoidal. Fused by the blowpipe, 
it becomes a black globule, sometimes semi-metallic, and 
attractable by the magnet. 

Ch'ossular.* This kind of. garnet, which contains little or 
no iron, is of a pale yellowish green, nearly opaque ; or trans- 
parent and of a bright yellow or orange-colour (topazolite). 
Colophonitef is a granular variety which occurs principally in 
veins in Norway and Sweden ; and Cinnamonstone (Essonite) 
resembles it very much in lustre and colour, but is found in 

* Groseille» from its colour. 

t Kolophonia (pix), resin ; from its colour and lustre. 
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larger fragments in Ceylon, where it forms part of an aggre- 
gate rock. It is sometimes used in jeweUery. 

In the variety called aplome, the faces of the crystals are 
striated parallel to the edges of a cube. 

Melahite* and Pyreneite;^ black garnets. The former 
occurs in the Vesuvian lavas and some calcareous rocks of 
Norway; the latter in the Pyrenees. When fused by the 
blowpipe they produce a black globule attractable by the 
magnet. This kind is less hard than the preceding. 

Manganesian garnet (Spessartine) is of a dull red or reddish- 
brown colour: manganese, in this kind, replaces the iron. 
Another variety (from Russia) derives a bright green colour 
from the oxyde of chrome. 

The pyrope or precious garnet is the same as the carbuncle 
of the ancients : the finest are now obtained from Bohemia 
and Greenland. Garnets frequently occur in metalliferous 
veins, and small ones have been found in Cornwall. 

9. IdocrasbI (Vesuvian; Baikalite; Acanticone). This 
mineral does not differ much in composition from some of the 
garnets, consisting of silica, alumina, and lime, with some 
protoxyde of iron ; but its crystals are derived from a square 
prism. In hardness it is scarcely equal to quartz, and its 
specific gravity is 3, or 3 '4. The prisms are generally modi- 
fied on all the edges, and often on the angles (fig. 24) ; those 
which are of a clear olive-green colour are generally trans- 
parent, and sometimes very brilliant ; the dark green ones are 
mostly opaque. Fine crystals are obtained from the vicinity 
of Lake Baikal ; and it is abundant in the lavas and crystalline 
rocks ejected from Vesuvius, both green and of a dull garnet 
colour, intermixed with mica and sommite. Fusible into a bead 
of yellowish glass, transparent or translucent. Most varieties 
are soluble in the acids more readily than the garnets. 

* Melas, Gr., black. 

t Pyreneite, found in the Pic Eredlit:* of the Pyrenees. 
t Eidost Gr., a form, and kraait a mixture— signifying a mixed forn> ; 
because it resembles several other species in its crystallization. 
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10. ScAPOLiTB (Wernerite ; Arctizite ; Paranthine). 

A mineral which is very abandant in some parts of Sweden 
and Norway in the great tracts of iron ore, where it is often 
intermixed with garnets, epidote, and some other substances. 
Its colour is pale grey or greenish grey, and it occurs in 
slender square prisms either embedded in limestone or in 
separate groups. Hardness, rather less than that of felspar, 
5*5; specific gravity 2*5 to 2*7 ; fusible with difficulty. It 
has been found in North America, but not in Great Britain. 

The small limpid crystals called meionite, which are found 
in some lavas and in the dolomite of Vesuvius, appear to 
belong to the same species : their form, hardness, and specific 
gravity are the same ; both consist of silicate of alumina with 
silicate of lime. 

Thulite, which is of a rose colour, is very similar in compo- 
sition ; it is found at Tellemarken, in Norway. 

GeJdenite, another variety, containing more lime, occurs in 
the Tyrol : infusible. 

11. Epidote* (Thallite ; Pistacite; Arendahlite). 

This mineral crystallizes in modified rhomboidal prisms, 
which have an unsymmetrical appearance, from the base of the 
primary being an oblique-angied parallelogram; they are 
referable to the fifth series of solids. The coiour is generally 
a rich yellow green ; varying from transparent, in small bright 
vitreous crystals, to opaque in granular masses, or when it is 
disseminated in rocks. Hardness varying from 6 to 7 ; brit- 
tle; specific gravity 3*2 to 3*46. Very large crystals are 
obtained from ' the granitic rocks of Norway and Sweden ; 
and beautiful specimens, chiefly of small groups of crystals 
associated with felspar, from Dauphin^ and the Valley of 
Chamouni. 

Epidote contains 38 parts of silica, 27 of alumina, with lime 
and protoxyde of iron. 

* It received the name Thallite from Thallos, Gv,, the bud of the oliTe 
tree, from its colour ; Pistacite from the pistachio nut^ also from its colour; 
arendahlite from Arendahl in Norway. 
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Zoisite is considered to be a variety of the same species, in 
which the protoxyde of iron is replaced by lime. It is gene- 
rally of a light grey colour, opaque* rarely crystallized, but 
eleavable in two directions. 

Both kinds, when exposed to the action of the blowpipe,. 
eapfoliate, or separate into laminae in the direction of the cleav- 
ages ; but melt only on the edges. 

Manganesian Epidote is a variety of a purplish-brown colour^ 
peculiar to St. Marcel, in Piedmont, occurring in manganesian 
ores. 

12. IcLiTE (Dichroite; Indicolite; Cordierite; Peleom; 
Steinheilite). 

The property of dichrcHsm was first observed in this mineral; 
and as it was then thought to be peculiar to it, it obtained the 
name dichroite. It is rarely crystallized in six and twelve 
sided prisms ; generally disseminated in small masses of irre- 
gular form, which are of a deep violet-blue colour when viewed 
parallel to the axis of crystallization ; but in a contrary direc- 
tion they appear yellowish or smoky grey. In its fracture 
and lustre, it perfectly resembles glass, but is rather harder 
than quartz. Differs from all the preceding species in con- 
taining 10 per cent, of magnesia. f 

When sufficiently transparent and of a good colour, it is 
sometimes used in jewellery, under the name of water sap^ 
phire. Found principally at Bodenmais in Bavaria; also in 
Sweden. 

Sflicates of alumina with an alkali or alkaline earth. 

13. Fblspar (Felspath ; Adularia; Orthose*). 

This is a mineral of considerable importance, from its exten- 
sive distribution, and the variety it displays in its colour, crys- 
tallization, and modes of occurrence. As a constituent of 
granite it has a perfectly crystalline structure : as the base of 
porphyries it is compact, of a close, even texture. In granite, 
the crystals of felspar form groups in cavities or veins, often 

* From Orthotf Gr.| right or straight. 
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with other ciyBtallized snbfitaBcet: in porpfayiy the crjitals 
are embedded aepArately, as in a paste. 

The erystals are derived from a symmetrical oblique liiombia 
prism, obtuse angle 119°, and 
yield to cleavage with facility, 
parallel to its bases and to a 
plane passing through the short- 
er diagonal, which is perpendi- 
cular to them (No. 33.) It is 
important to remember this cir- 
cumstance, because the right- 
angled cleavage distinguishes felspar from albite, which (riher- 
wise resembles it in most particalfU's* and was long considered 
to be the same substance. 

The macled crystals of felspar, which are of frequent occw- 
rence, do not offer the re-entering angles which we find in the 
hemitropes of most substances ; this is a consequence of the^ 
right-angled cleavage, the plane of junction being that which 
passes through the diagonals. Its most common colours are 
yellowish and grejrish-white, and various shades of fieah-red 
and brick-red: lustre of the fracture, bright and vitreous: 
crystals externally from shining to dull. Specific gravity 2*39 
to 2*6. Hardness 6. In this character it is very constant. 
Insoluble in aeids, and scarcely fusible by the blowpipe, except 
on the edges ; but with borax it forms a colourless glass. In 
the transparent colourless varieties, called adularia, a bluiab 
opalescent light is often visible, and small pieces, cut and 
polished, are sold under the name of moonstone. Fine speci- 
mens of this kind are brought from Mount St. Gothard ; and 
very perfect opaque crystals from Baveno in Piedmont, aad 
Chudleigh in Devonshire. Composed of silica 64*20, alumina 
18*40, potash 16*95. Compact felspar, in some of the antique 
porphyry, is of a green colour ; in other varieties, of a dark 
gamet-red. 

Large quantities are used in the manufacture of porcelain, 
as well as of the decomposed felspar (kaolin). 
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14. AlbitIb* (Cleavelandite ; soda felspar) difi^rs from fei«> 
spar in containing 10 to 12 per cent, of soda, in place of tb^ 
potash which is a constituent of the former ; and in its crystal* 
lizations, which belong to the sixth series of solids ; the three 
cleavages all meeting at oblique angles. Yet the general 
appearance of albite and felspar is so similar, that it is often 
difficult to distinguish them ; their hardness is equal, and their 
chemical characters the same, except that albite gives a yellow 
tinge to the blowpipe flame. It forms the basis of granite in 
several countries, particularly in North America, and is charac<^ 
' tensed by its almost constant whiteness : the cr3rstals also are 
generally more tabular, and, when macled, have re-entering 
angles. The bright transparent crystals generdly called ff lossy 
felspar, which are embedded in some porphyritic rocks and 
lavas, belong to this species. 

Anorthite, which occurs crystallized in some liavas, is nearly 
allied to albite, but contains lime instead of soda ; in which it 
resembles mdianite, a mineral of a crystalline granular struc- 
ture from the Camatic. 

14. LABRAnoRiTs, a kind of felspar that contains both lime 
and 4 per cent, of soda, is characterised by the brilliant colours 
it reflects in certain positions, particularly shades of green and 
blue : independently of these, its general colour is dark grey. 
It is rather less infusible than felspar and albite, and may be 
dissolved in hydrochloric (muriatic) acid. 

In Labrador it is found in large masses, and is said to 
abound in the state of New York. 

15. Andalusitb (Felspath Apyre ; Made; Chiastolite). 

A very hard mineral, which, at first sight, appears to resem- 
ble some felspars : but it crystallizes in prisms which are very 
nearly square. It is generally of a pearly grey, but sometimes 
of a rose colour ; faintly tanslucent, and breaking \rith a fine-^ 
grained fracture, but scarcely any lustre. In hardness, inter- 
mediate between quartz and topaz : specific gravity 3*1 to 3*3 ; 
in these two characters, and in its crystallization, it differs 

* Alhu, white. 

D 2 
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from felspar. It was first brought from Andalusia, but has 
since been found in several other places; the crystals are 
sometimes enveloped in scales of mica. 

The variety named chiastolite presents a singpilar structore : 
the crystals, which are nearly white, and 
opaque, appear to include, in the centre ' ' 

and at the angles, similar prisms of a dark 
substance, which is considered to be the 
same in which they are embedded. Small 
crystals of this kind are disseminated in 
the slate of Skiddaw. 

16. NsPHSLiNs (Sommite; Icespar). 

A white or yellowish- white semi-transparent mineral which 
abounds in the Vesuvian lavas, intermixed with idocrase, mica» 
and other substances. Crystallizes in hexagonal prisms, which 
are often tabular. Rather less hard than felspar. 

Elaolite* (fatstone), a greyish or bluish-green mineral with 
an oily lustre, which is embedded in the syenite of Norway, 
appears to be the same substance. 

Gieseckite and Finite of Auvergne, which also crystallize in 
6 and 12-sided prisms, belong to the same group: the latter 
contain potash ; the two former, soda. 

17. Spodumen (Triphane; Killinite). 

This mineral, as well as the following one, contains the 
alkali lithia, which is detected by exposing them with soda to 
the action of the blowpipe, on a support of platinum foil : the 
flame will be tinged red, and a brown stain will remain on the 
platinum. 

Its colour is green, or greenish-grey ; lustre, pearly or oily; 
cleavable parallel to the planes of a rhombic prism of 100® and 
80°; specific gravity 3*19 ; in hardness, intermediate between 
felspar and quartz. It is abundantly disseminated in the 
granitic rocks of Sudermania. It differs from felspar and 
scapolite in chemical characters, specific gravity, and angles of 
cleavage. 

* Elacorii Gr., oil. 
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18. Pbtalitk (Berzelite; Arfwedsonite) contains more silica 
and less alumina than the preceding species. When gently 
heated it becomes phosphorescent, and may with some diffi- 
culty be fused ; colour white or very pale grey, 

19. Obsidian (Volcanic glass ; Marekanite). 

This is a black glassy substance, breaking with a large per- 
fect conchoidal fracture ; opaque or slightly translucent on the 
edges of fragments. On being exposed to the action of the 
blowpipe, it swells and froths considerably, and is reduced 
£nally to a white enamel. The composition of this species 
varies : some specimens afford soda, and others potash ; they 
contain 72 to 78 per cent, of silica. 

In Mexico, where it is abundant, and was formerly used for 
knives and mirrors, a variety is found which reflects a chatoy- 
ant light of a dark bronze colour. Obsidian is sometimes met 
with, also, among the ejected matters of modem volcanos. Its 
chemical properties and the total absence of crystallization 
distinguish it from smoky quartz. 

Pitchstohe (Retinite) is less vitreous than obsidian, and the 
conchoidal fracture less bright and perfect : the lustre is resin- 
ous, or resembling that of pitch. It presents many colours, 
principally deep dull greens, brownish red and ochre yellow of 
different shades ; sometimes small bright specks of crystalline 
felspar arei scattered though it. The red and yellow varieties 
have a great resemblance to semi-opal (ferruginous opal), but 
may be distinguished from it by not afibrding water when 
heated, and by frothing and melting in much the same manner 
as obsidian. Abimdant in some parts, of Saxony, Himgary, 
and the Isle of Arran, besides other locahties. 

Pearlstone (Ferlite) differs little in its composition from 
pitchstone; it consists of rounded angular grains, closely 
pressed together, generally of a light grey colour, and rather 
pearly. In spherulite the grains are globular, and are some- 
times embedded in obsidian. 

Pumice (Ponce) is another substance belonging to this group, 
which is more abundant among the productions of recent vol- 
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canos, as tlie two former are among thoae of extinet or ancient 
ones. It i^ppeaxs to be the sewn or froth oi lava, aoddenly 
cooled by ejection, so as to presenre its spongy form ; aad is 
so porous as to float on water. Sometimes^ 1^ pores Mag 
elongated, it has a fibrous structure. In composition it ap- 
proaches veiry nearly to felspar. Being hard and easily zeduced 
to powder, it is much employed lor polishing marble, gkw, 
metal, wood, and other materials. 

20. LxuciTB (Amphigene; White garnet). 

This mineral is common both in ancient and modem lava» ia 
which it is scattered in trapezohedral cr3r8tals of a dirty-wkste 
colour, usually opaque or translucent, and with, a dull aozfaee : 
internally vitreous ; scarcely so hard aa felspar. It contains 
22 per cent, of potash, but is infusible. 

21. Faqodixb (Agalraatolite ; Figorestone)« 

A great part of the images and other carying. d»t come 
icom China are executed in this stone^ which is so soft and 
imctuous that it resembles^ in texture^ a compact talc or sto- 
ntite. 

It is opaque, generally reddish or ^eyish^whitCr sometimes 
Teined with a deeper tint, with a feebly oily lustre. Wbm 
heated, it becomes harder^ shining, and scaly, but is i&fbnble. 
Consists of silica 54, alumina 34, potash 6*2, water 4. 

22. CHI4OBITB. f 

A dark or blackish-green mineral, widely distiibuted in rocks 
of the ancient formations, where it forms veins and small beda: 
in the latter case it has a slaty structure^ and is tolerably comr 
pact ; in the former it is earthy and granular, or composed of 
minute scales. It is very common in the tin veins of Cornwall, 
and in similar deposits of ore in other countries. It is often 
found coating the crystals of quartz, adularia, &c., or in the 
interior of these substances, resembling moss. Sometimes, 
but rarely, crystallized in hexagonal plates. 

Its composition varies very much: l^ut it consists principally 
of silica, alumina, protoxyde of iron and water, sometimes with 
JSmgnesia, sometimes witii potash. 
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S3. Gkksn bamth. 

Hie minerf^B thse deeigiMted hare geaeral^ a mneh hnghter 
colour than chlorite, and never exhibit any traoe of crystalliza- 
tion. They all contain mter and protoxyde of koa; but the 
quantitT of alumina varies so mnch, that very different Bub- 
atances appear to be included under the same name.. 

Terra terte, which is much employed as a pigment, ocean in 
cavities in amygdaloidal rocks; Bometimes.ae in the neighbour- 
hood of Verona, in considerable masses; sometunes it only lines 
the cavities, the interior bein^ filled by zeolitic or other minerals. 

Zbocttes. 

The following specios, from Natn^te to Frehnite, include 
those substances which are nsnally termed ttoUtes; and whioli, 
from a reaemUanee in several of their characters, have been 
^nerally placed in the same femily or genus. They consist 
principally of silica, alumina, water, and either some alkali w 
an alkaline earth. They all aflbrd water on being heated; moat 
of them dissolve in acids and form a gelatine: and the greater 
part, when heated by the blowpipe, froth uid boil violently. 

24. NATROLrra 1 (Mesotype ; Hadiated Zeolite ; Needle 

25. Skolebitu J Zeolite). 

These two species resemble each other so nearly, tbat they 
were long confounded together under tiie name of utesotyfe. 
The crystals of both are aci- 
cular, or needle shaped, and "' 

nsnally gronped in divergent 
tufts : those of akolesite are 
square prisms, those of na- 
trolite, rhombic ; but the 
difierence of their angles is 
so small as to be impercep- 
tible to the unassisted eye. 
They are colourless and 

transparent, and when perfect ai<e terminated by four or six 
planes ; but both tubstances occur in amall masses, having a 
radiated structure and a beauti&il pearly lostre. 
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Natrolite forms also botryoidal masses composed of delicate 
fibres, radiating from several centsres : this variety is sometimes 
red, or of a fine orange colour. Both species gelatinize when 
dissolved in acids: natrolite contains soda;* skolesite, lime : 
the latter may be distinguished by its twisting and curling 
like a wormf before the blowpipe. 

Thomsonite is very similar to the preceding species, but its 
prisms are rectangular, and in general it is less transparent; 
sometimes massive. 

26. StilbitbI (Foliated Zeolite). 

This is a very beautiful substance, and offers considerable 
variety in its appearance; but is always charac- 
terised by a brilliant pearly lustre. The crystals, 
which are often hexagonal and very thin, are mo- 
dified rectangular prisms : sometimes it is massive, 
or appears in large rhombic prisms, but always 
exhibits one distinct cleavage : in this it resembles 
selenite (which wiU be described hereafter), but is 
very much harder, about 4. 

Stilbite exfoliates before the blowpipe, and afterwards boUs 
and fuses into a glassy substance. 

27. Hbulandits, when massive, is very much like stilbite, 
but usually of a red colour : its crystals are modified rhombic 
prisms, and are not generally so thin as those of stilbite. 

Brewsterite, like the preceding, but generally colourless, and 
contains a little soda. 

28. Harmotomb (Cross-stone; White hyacinth). 
Differs in composition from the other zeolites, 

in containing 17 or 18 per cent, of the earth 
baryta : and its crystals, which are modified rect- 
angular prisms, often occur in groups, so arranged 
as to form a cross. The crystals are always 
white, and generally translucent. Specific gra- 
vity 2*8 or 2*4, which is §. little higher than that of the 

* Formerly Natron, whence the name. f Skoilex, Gr., a worm. 

X Siilb^, Gr., splendour. 
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preceding minerals. When heated it becomes phosphorescent* 
and fuses without ebullition. 

Phillipsite (Abrazite ; Gismondine), which occurs in crystal- 
lizations precisely similar, in some Vesuvian lavas, differs from 
harmotome in containing lime in place of baryta. 

29. Laumonite. 

This is a rare substance which has been found in the lead 
mines of Huelgoet in Brittany. It has been called efflorescent 
eeolite from the alteration it undergoes when exposed to the 
air ; becoming opaque, and, in a short time, falling to pieces. 
In order to prevent this change, the specimens should, as soon 
as possible, be dipped into a solution of gum-arabic, and per- 
fectly dried. It is white, cleavable into oblique rhombic prisms, 
but very fragile. 

30. Analcimb (Cubicite; Sarcolite). 

Crystallized in trapezohedrons, or cubes which are modified 
on the angles (PI. figs. 17, 18). The crystals vary from the 
size of a pin's head to two or three inches in diameter : small 
ones are brilliant and transparent; large ones often opaque and 
reddish. When viewed in polarized light, the tirjipezohedral 
crystals exhibit a singular arrangement of lines of prismatic 
colours. It is' easily fused, a circumstance which will distin- 
guish it from leucite, 

31. Chabasite (Chabasie) occurs crystallized in rhombo- 
kedrons that are slightly obtuse, sometimes modified on the 
terminal edges ; transparent, colourless, and generally brilliant. 

Like Cubasite it is never massive nor fibrous. 

32. Frehnite (Koupholite). 

Crystallized prehnite is of rare occurrence. It is sometimes 
found in thin rhombic or hexagonal plates; but more often 
massive, imperfectly crystallized on the exterior ; or in small 
lens-shaped masses heaped together : compact, and sometimes 
fibrous ; the fracture has scarcely "iny lustre. Its most usual 
colour is sea-green. Hardneis^ ^tttle inferior to that of quartz, 
and specific gravity 2*8 to d", in both these characters it 
exceeds considerably the other zeolites. In China it is cut 

D 5 



1 



TOPAX. 



into slabs for ornament, and carved into imngeB wlaA ve 
brought to Europe under the name of OrimUd Jade. 

The basalt rocks, and others of an igioeous origin "which are 
called amygdaknioly are the principal repositories of all tbifr 
group of species. The cavities of these rode* are som^ima 
entirely filled by zeohtic substances ; others otmtain radis^tioQS 
or groups of crystals, together with crystals of calc^ar, bat 
zBrely those of quartz. The Ferroe Isles and StaffiB^ in puti- 
cnlar, afford fine specimens; but haimotome and pr^mite 
occur also in other situations. 

Silicates of alumina with fluorine. 

There are a few siliceous minerab in which fluorine is com- 
bined : the most important are Topaz and Mica. 

33. Topaz. 

This is a well-known precious 8tone> which for ornamental 
purposes is obtained chiefly from Brazil. It occurs there of 
various shades of yellow and red, also colourless^ and pale blae 
and green. It is always crjrstallized. or in rounded pebbkfk 
The crystals are derived from a right rhombic prism« and are 
generally well formed. In difierent localities, they generally 
present diflerent modifications which are peculiar to them: 
thus, in Siberia, the crystals are usually charaoterised.by im 
terminal faces, larger than the 
others. No. 39; the Saxon to- 
pazes have a plane parallel to the 
base; No. 40; and those from 
Brazil are mosjtly terminated by 
a four-sided pyramid. The sides 
of the prism are often streaked 
lengthwise, like those of the be- 
ryl ; but the topaz may be distinguished by its greater hard- 
ness = 8, and by its very perfect and brilliant cleavage parallel 
to the base : it is also heavier — specific gravity 3*49 to 3*54, 
and much colder to the touch. It contains 7 or 8 per cent, of 
fluoric acid. The topaz is generally met with in the cavities 
^nd veins of granite rocks. Splendid groups of crystals are 



No. 39. 



No. 40. 
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obtttined from Sibeiia^ intermixed with orystals of quartz, and 
sometimes of beryl. In Saxony, Bohemia, and Comwalli 
crystallized topazes are found in the metalliferous veins, parti« 
cularly those which afford tin ore, intermixed with fluOr. 

The ancients were well acquainted with diis gem. It is said 
that they first found it in an island of liie Red Sea ; and as ft 
was often concealed by fogs, and difficult to find, they gave it 
t^e name topazum, from tf^azoj to seek. 

Some of the ydlow Brainliau topazes, y^en' heated with 
proper care, acquire a beautiful rose colour ; but they are said 
to lose this tint after some length of time. Of its natural 
colours, the ruby tint is the most rare. 

Pyrophfsalite is an opaque variety of topaz with a coarse 
texture, which, like the opaque beryl, occurs in crystals of 
immense size. One taken fnom a granite quarry at Finbo, in 
Sweden, which is preserved at Stockholm^ weighs 80 pounds. 

Fycnite differs but a little from topaz in the proportion of 
its constituents : it is of a pale straw colour mixed with lilac^ 
and forms columnar masses embedded in quartz, at Altenberg, 
in Saxony. 

34. Mica* (erroneously Muscovy talc; Muscovy glass). 

Mica is a widely distributed mineral ; being, like quartz and 
felspar, a constituent of granite and mica schist, besides its 
frequent occurrence in other situations. In these rocks we 
usually see it dispersed in little silvery scales, sometimes very 
minute; but in the granite of Siberia, and some parts of the 
United States, transparent plates of mica are obtained from 
two to three feet in diameter. These plates, if perfect, are 
either rhombic or hexagonal; and the remarkably perfect 
cleavage that all varieties of mica possess, is parallel to the 
base of the crystals-f 

* MicarCi to shine or glitter. 

t Optical investigations show that there are at least three species of 
mic^ : the hexagonal plates of some micas are primary crystals ; this kind 
has been distinguished as hexagonal mica. In other specimftBs, the hexa- 
gonal prisms are derived from a rhomhie one, the two acute edges being 
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Its most common colours are light grey, brown, and oliye 
green ; but it is found occasionally black, deep blood-red, and 
of a bright golden yellow. 

Mica being very elastic and capable of being split into plates 
of any thinness, it has been much employed in place of glass 
for lanterns ; in Siberia and the Russian navy for windows : 
and as it will bear considerable heat without injury or altera- 
tion, it is often used for the doors of stoves and furnaces ; (m 
exposure to a greater heat it becomes opaque and white. 

Lepidolite is of a lilac colour, massive, and consisting of 
small aggregated scales. 

Silicates containing boracic acid. 

35. Tourmalins (Schorl; Rubellite). The crystals of tour- 
maline are generally prismatic with 6, 9, or 12 sides; often 
somewhat triangular, but rounded and deeply grooved, late- 
rally : perfect terminations are rare, and when they occur the 
two ends are differently modified. The primary form is a very 



No. 41. 



No. 42. 





obtuse rhombohedron. It is of various colours: the black 
variety (schorl), is perfectly opaque; blue, green, and brown 
shades are more or less transparent: the rose-coloured has 
been called rubellite. In Massachusetts an interesting variety 
occurs, of a dark green externally, and the interior of a bright 
rose colour. Acicular crystals, both black and brown^ are 
sometimes found in radiated tufts, occasionally penetrating 
other substances. 

replaced ; and, in a third kind, the prisms are oblique. The composition 
of mica is also variable ; some specimens contain potash, some lithia ; and 
the quantity of fluoric acid varies from 2 to 8 per cent. 
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The toarmaline is distingaished from all sabstanc^s lyhich, 
in other respects, it resembles, by the facility with which it 
becomes electric when heated, exhibiting polarity ; and by its 
remarkable effects on light. A crystal which appears perfectly 
transparent on looking through it acrdss the prism, when held 
between the eye and the light, and viewed in the direction of 
the axis, will allow but a small quantity of light to pass through 
it, and in many cases will be found opaque. 

Very fine crystals of black tourmaline have been obtained 
near Chudleigh; they are some inches in length, with brilliant 
faces. It is very widely distributed, being found in Brazil (of 
various colours), Ceylon, Siberia (rubellite), the Alps (bright 
green). North America, &c. The quantity of boracic acid is 
variable. 

36. AxiNiTB* (Violet schorl ; Thumerstein)*- The pecuUar 
acute-edged form of its bright glassy crystals distinguishes 
this mineral from most others. It is of a pale clove- ^^^^ 43^ 
brown, inclining to purple, and transparent, unless 
when intermixed with chlorite, which often pene- 
trates or coats the crystals, rendering them green 
and opaque. Hardness, barely equal to that of 
quartz. It is fusible without much difficulty into a 
dark green glass, which, in the oxydating flame, 
becomes black. The finest specimens are brought from St. 
Cristophe, in Dauphin^. 

Silicates containing sulphur or sulphuric acid. 

37. Lapis lazuli (Lazulite). From this mineral the ultra- 
marine blue is prepared. It has generally a fine granular tex« 
ture, and occurs intermixed with granular limestone and pyrites, 
filling small veins and cavities in granitic rocks, in Persia, 
Thibet, and Bucharia. It is sometimes, but very rarely, crys- 
tallized in rhombic dodecahedrons; feebly translucent, and 
having scarcely any lustre; hardness 5*5 ; specific gravity 2*5 
to 2*9. Soluble in acids, losing, at the same time, its colour, 
which it is conjectured may be due to some combination of 

* From the axe-shaped crystals. 
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sulphur with the base of alumina : it loaeB its oolonr sSso by' 
fiuHon ; contains 23 per cent, of soda. 

HaUyhte. A blue mineral which is found embedded in some 
ancient lavas near the Rhine, and appears to have some analogj 
with the preceding species. 



Hitherto we have described siliceous minends of which aku 
mina forms an important constituent : we shall now speak of 
those in which silica is united with other bases. 

The earth zirconia is found in the state of silicate, and com* 
bined, in a few rare minerals, with other substances. 

38. Zircon (Zirconite; Hyacinth; Jargpoon). The csystaU 
of this substance are derived from a square prism, and wee 
terminated usually by pyramids, which correspond sometimes 
with the faces of the prism, sometimes with the edges (PI. fig. 
20, 22, 23). Its specific gravity is 4*4, considerably higher 
than that of most earthy minerals ; hardness, between that of 
quartz and topaz; lustre oily, approaching to adunantine. 
The colour of zircon varies through shades of browni^-red 
and garnet-red to pale yellow, grey and white in the transparent 
varieties : these are brought chiefly from Ceylon and. Pegu, 
and are used in jewellery imder the names of kyacinth and^'sr- 
ffoon, but are not much valued. They are generally small, and 
are found in the sand of rivers, and more or less rounded. In 
this manner they occur at Expailly, near the Puy de Dome, in 
France. The crystals embedded in the syenite of Norway are 
much larger, sometimes above an inch in length: they are 
generally dark-red brown, but not transparent. 

Zircon, when heated by the blowpipe, loses its colour, bat 
is infusible alone, and even with soda is fused with difficulty^ 
This character, and its high specific gravity, will distinguii^ it 
from the garnet, grenatite, and other minerals. 

Eudyalite, a rare mineral from Greenland, contains zirconia, 
with silica and soda ; its colour is reddish lilac. 

39. Thoritb is a hydrous silicate of thorina, which has 
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been found only in the Isle of Loeeren, on die coast of 
Norway: it is black, vitreous, and hard enough to scratch 
glass. . 

40. Gadolinite is a silicate of yttria, an earth which waa 
first discovered in this mineral, and named from its locality^ 
Ytterhy, near Fahlun, in Sweden. It is black or brownish- 
black, vitreous, and fusible into an opaque glass. 

The minerals containing cerium are few and rare> they are 
found in granite rocks in Sweden and Greenland. 

41. Cbritb (Cererite)' is of a violet or rose colour, much 
intermixed with grey or brown. It is compact, or fine 
granular, and opaque. Specific gravity 4*98 ; infunble fdone. 
It contains 67 per oent of cerium, and 12 of water, with 18 of 
silica, and 4 of lime and ozyde of iron. 

Cerine contains a large proportion of iron, but no water. 

AUamte and ortkite have nearly the same composition; 
they are brownish-black> and are embedded in small acicular 
or columnar masses, sometimes many inches in length. 
Pyrorthite contains carbonaceous matter^ which causes it to 
bom when heated by the blowpipe. 

Calcareous Silicates. 

42. WoLLASTONiTB (Tablespar), and 43. Edslforsite, are 
nearly pure silicates of lime, white or yellowish and trans* 
lucent : the former (whidi contains less silica than the latter) 
has some resemblance to felspar ; but may be distmguished by 
its inferior hardness, and by having no right-angled cleavage. 
It is found in several localities intermixed with garnets, tre- 
molite, copper pyrites, and sometimes other substances* 

44. Afophtllitb (Fisheye-stone). The white, pearly crys- 
tals of this mineral might, at first sight, be mistaken for those 
of zeolite, but they are square prisms, either perfect or having 
the angles replaced by triangular planes, which are sometimes 
increased so as to produce a pyramid. It is also rather 
harder than the zeolites, though scratched by felspar ; froths 
before the blowpipe, and. gelatinizes in add. It is a silicate of 
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lime and potash* with water, and occara both in the same 
Bituations as stilbite, &c., and in the neighboarhood of the 
great deposits of magnetic iron in Sweden and Norway. 

Magnbsian Silicatss. 

These, when not combined with lime^ are characterised by 
great infusibility, are very difficultly soluble in acids, and many 
of them are very soft and unctuous. 

45. Chrtsolitb (Peridot ; Olivine). A gem of a yeUowiah- 
green colour, sometimes passing to a pale yellow-browD, 
which is disseminated in some basaltic rocks in small trans- 
parent grains, and more rarely in crystals, which are modified 
rectangular prisms. It breaks with a vitreous fracture, is 
scarcely so hard as quartz, and infusible without the addition 
of a flux : these two characters distinguish it from the beryl 
and chrysoberyl. It is a silicate of magnesia and iron. The 
vitreous grains observed in basalt were named olivine from 
their colour, before it was known that they were the same 
substance as chrysolite ; in some of these formations, it occurs 
in granular masses of considerable size, as at Vivarais, and the 
banks of the Rhine. But the most remarkable situation in 
which chrysolite has been found, is in the cavities of the cele- 
brated mass of meteoric iron in Siberia, and it is now ascer- 
tained that it forms a large proportion of some other masses 
which are derived from the same source. 

The finest chrysolites are brought from Constantinople, cat 
and polished, and it is not known in Europe, whence they are 
originally obtained. 

46. Chondrodits (Brucite). A silicate of magnesia, con- 
taining fluoric add, which is found in translucent grains of a 
yellowish or brownish colour, at Pargas (Finland) and Nev 
Jersey (United States), embedded in limestone. 

47. Talc generally occurs in foliated masses, white, or of 
some shade of green, having a very pearly lustre. The folii 
have no regular form, but are often divergent or stellated. 
Talc, though flexible, is not elastic, which is a distinction 
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between it and mica ; the laminae are also much more tender 
than those of mica, being easily scratched by the nail (No. 1, 
in the scale of hardness) » and it is soft and unctuous to the 
touch. Talc is a silicate of magnesia, combined sometimes 
with hydrate of magpiesia in variable quantity. 

The finest specimens are obtained from the Alps of Savoy 
and Piedmont. It is said also to have been found in the 
United States of a rose colour, and blue. 

French chalk is a variety of talc in which the folia are so 
small that it has a somewhat granular texture and a glim* 
mering lustre. 

Steatite or soapstone has the same composition; it has a 
more compact and earthy appearance than French chalk, and 
a very soapy or unctuous feel. It forms veins in serpentine, 
and is quarried and applied to many purposes ; as^ in mixing 
with clay, &c., for the manufacture of porcelain, of which it 
increases the transparency, and> in powder, for diminislung 
the friction of machinery. Pencils also are made of it, instead 
of slate; and it is very efficacious in removing spots of 
grease from silk and cloth. In France it is called Craie de 
Briangon. 

Potstone (Pierre ollaire) is of a dark grey or greyish- 
green, has a somewhat slaty structure, and is opaque. It is 
very infusible, and indeed appears quite unalterable by heat ; 
a quality which, combined with its softness when first taken 
from the quarry, and its hardening by exposure to the air, 
renders it an excellent material for many objects of domestic 
use, such as ovens, stoves, pots, &c. They are esteemed not 
only for their indestructibility, but because they can never give 
any bad taste or quality to the food. It is quarried at several 
places in Piedmont; particularly near Chiavenna and the 
Lake of Como ; also in the Valais : it is extensively manufEkc- 
tnred in the Val Sesia, not far from Mount Rosa; and at 
ZoebUtz in Saxony. The pieces of a fine even texture are 
turned by the lathe into teapots, basins, &c. If a vessel of 
potstone, after being used for some time, has absorbed much 
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grease, k is maal to make it red hot, a jHrooesa which reBdon 
it as cleaa as new, aad withoat injory. 

Fiiny speaks of this stoney -and describes its application to 
the same purposes as at present : bat calls it Lofis Sifkmt^ 
because at that time it was obtained from the Isle of Siphnos, 
now Siphanto. At the convent of the Great St. Bernard 
there is a stove of potstone. 

48. SsRPENTiNB (Ophite). A compact substance, very 
tough, breaking with an uneven fracture and waxy lustre* or 
dull and earthy. Generally of a dark green eolour intermixed 
with black, and sometimes with red and brown: opaqot^ 
except the kind called precious serpetUim, which, when cut into 
thin slabs, is semi-transparent: it is of a rich warm green 
colour and often contains embedded garnets: this sort is 
Ibund at Baireuth in Austria. ^ 

Serpentine differs very much in hardness, but ail i^pedmens 
are easily scratched by a knife, and many by calespar. Not- 
withstanding this, it is much employed in slabs for omamentd 
purposes ; particularly those varieties in whidi, Hke the verik 
anti^, the dark colours are relieved by spots and veioa of 
white calespar. Handsome serpentine is quarried at Anglesea* 
and used under the name of Mona marble. 

MannolUe is a foliated serpentine, contahung less aifioa 
than the preceding ; both species give off water when heated 

49. MxBRacHAUM (Magnesite ; l&cume de Mer)i8 an earth|r 
opaque substance resembling white clay, but dry and harsh to 
the touch ; partially soluble in acids, and affording much water 
by calcination.. 

It is well known as a material of which pipes are made ; it 
is extensively quarried for that purpose in Asia Minor, par- 
ticularly at the foot of Mount Olympus, and in the Islaad €d 
Negropont. In some places it is used instead of soap for 
washing linen> and is said to form a good lather when mixed 
with water* 

The adhesive slate ^schistehappante) in which menOite is em- 
bedded, ia a mixture of meerschaum with argillaeeous mattes; 
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50. D1ALLA6B. This mineral, which has not been fouad 
crystallized, is embedded in secpentiiiey and« occaeionaily, 
other rocks, in fragments which are cleavable; there are 
several varieties, which are composed chiefly of silica, mag- 
nesia, and the protoxyde of iron, with only a trace of lime. 

Bronzite is of a greyish brown colour, translucent and, as 
its name implies, with safometallic lustre; [q>ecific gravity 
3*25. It is found in France, department of the Higher Alps. 

Hyperathene* (Labrador Hornblende) ; of a dark In'own 
colour, reflecting a coppery lustre, ^e laminae are some^ 
times so much bent, that it has the appearance of a woody 
structure. Specific gravity 3*3 : this mineral is much harder 
than the preceding : its principal locality is Labrador. 

Anthopyllite has generally a fibrous structure, and a pale 
hair-brown colour; lustre, slightly metallic: distinguish^ 
from bronzite by its brittleness. 

51. ScHiLLBRSPAR (DiaUage-cuphotide). Like the pra^ 
ceding species, it occurs with a lamellar structure, but no 
external crystallization ; embedded in serpentine, or in rocks 
containing albite. Its colour is dark dive or greyish green ; 
hardness about 4. It differs in composition from diallage in 
containing 10 or 12 per cent, of water: when exposed to the 
action of the blowpipe, it becomes magnetic, but is scarcely 
fusible on the edges. 

8maragdite\ contains 7 per cent, of the oxyde of chrome, 
which gives it a fine clear green colomr. It has a laminated 
structure, is very translucent and brittle: fusible into b 
blackish glass. 

The rocks consisting of smarag^te intermixed with albite, 
are cut into slabs, and when polished are very beautiful. In 
Corsica it is abundant, and is known by tiie name of verde di 
Corsica duro : it is found also in rolled masses on the borders 
of the Lake of Geneva. 

52. Nephritb (Axestone; Jade). A compact substanctj 

* Btf^er above, and 9theno9 strength, fiom iti remarkable tonghneiB. 
t Smaragdus the emerald, from its colour. 
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generally of a green colour, but sometimes grey, or reddish. 
It breaks with an uneven but fine-grained fracturej and has a 
feeble oily lustre. Iiaminap of a silvery talc are sometimes 
dispersed through it. Hardness variable^ sometimes above that 
of quartz, and exceedingly tenacious. Specific gravity about 3. 

Some of the finest specimens of dark green nephrite are the 
war hatchets of the New Zealanders. This variety appears to 
be the same which is foimd near the banks of the Oronooko, 
but the precise locality is unknown. It is cut into ornaments 
which are worn as aipulets by the Indians, and even by the 
Spaniards of that country. It is sometimes called Amazon- 
stone. 

Silicates of lime with magnesia, &c. 

53. AuGiTE (Pyroxene). This species may be distingubhed 
into two kinds : the tohite augite, consisting essentially of the 
bisilicates of lime and magnesia ; the black and dark g^en, in 
which these bases are partly replaced by the protoxyde of iron, 
which is isomorphous with them : the pale varieties contain 
very little iron. The crystals of all kinds are derived from an 
oblique rhombic prism ; obtuse angle, 92^ 55'. Specific gra- 
vity from 3*1 to 3*34 ; hardness 5 to 6. 

Diopside, maiacoUte, alaliie, mussUe,* are denominations of' 
white and greenish-white augite. The crystals are often semi- 
transparent, with bright glassy faces. Fusible No. 44. 
by the blowpipe into a colourless, or nearly 
colourless, glass. The best specimens of this 
kind are obtained from some parts of Piedmont 
and the Tyrol, where they form groups with 
bright red garnets and mica. 

Fassaite,* or pyrgomme, is of a clear dark green colour, 
usually in small distinct crystals, sometimes embedded in calc- 
spar. 

Sahlite is massive, generally of a light greyish green, trans- 
lucent and cleavable, a£fbrding good surfiaces. 

* Named from the valleys of Ala and Muaia in Piedmont, and Fassa in 
Tyrol. 
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CoccoKte* is granular augite; the grains are usually- com- 
pressed together, and not dispersed in another substance. The 
two latter varieties occur at Sahla, in Sweden, with pearly 
calcspar and sometimes with scapolite, but they never have the 
yellow-green colour of epidote. 

Hedenhergite, black augite, basaltic augite, is rar6ly massive : 
the crystals are often macled ; colour blackish green, black, or 
brown : streak and powder greenish or brownish black. Fusi- 
ble by the blowpipe into a black or dark green glass. 

The crystals of this augite are abundant in 
some kinds of lava, and especially in the ancient No. ^5., 

lavas of Auvergne. It is an abundant as well 
as a widely distributed mineral, being a compo- 
nent of some kinds of basalt (dolerite) ; it is there 
intimately mixed with albite, or with labradorite, 
and gives the dark colour peculiar to that rock. 

54. HoRNBLBNDB (Amphibolc). This species is subdivided, 
in the same manner as augite : the white varieties consist of 
silicates of lime and magnesia, with scarcely a trace of iron; 
the dark ones contain a large proportion of the latter' base: but 
both the light and dark-coloured hornblende contain less lime 
than augites of the same colour. The crystals are derived 
from an oblique rhombic prism; obtuse angle, 126° to 127°. 
The black or blackish green variety, commonly called hom» 
blende, is by far the most abundant. Its crystals are generally 
short and thick, and have some resemblance to those of the 
black augite. They are found principally in basalt and other 
similar rocks ; but the angle of the prism (and of cleavage) is 
much more obtuse in hornblende. It is often massive, and 
embedded in felspar and albite ; intermixed with the former, it 
constitutes the rock called greenstone; with the latter, a very 
similar one called diorite : in both these we find the fragments 
of hornblende with a crystalline structure, of all sizes, from 
several inches in length to particles so small as to be undistin- 
guishable to the naked eye. It is sometimes fibrous, having* 

* Coccos, a grain. 
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di^ ^pearaoce of Uack toarmalme; tai that muienl bieidcs 
with a perfectly vitreottt fr act ur e, and honibleiide with diati&et 
deavage : it is partknlaiiy toog^, also, and difficult to bieak. 

ActmolUe* (actinote) is of various eliades of green, and crys« 
tallizes in brilliant slender prisms, with four, six, or dght sideax' 
often acicular aad*imdiated ; and penetrating quartz and other 
aobstanoes; sometimes in masses of delicate glassy fibres 
whidi are very brittle. 

Pargosite is the same substanoe, but generally in small 8epa«» 
rate crystals embedded in limestone, at Fargas, in Finland. 

Tremolite, or grammatite, occurs in white or greyi^ crystais^ 
of which the faces are Inright and glassy ; or it fcnrms fibrous 
and radiated masses, sometimes with a pale green or lilac tint,- 
and generally translucent : these masses are embedded in the 
dolomite of St. Gothard, the crystalline limesUme c^ Sweden, &c. 
The Specific gravity of tremotite is 2'9 to 3 : of black horn- 
blende about 3*3. In hardness they are rather inferior to 
felspar. 

Asbestf-f Amianth, ByssoUte, This remarkable substance ift 
a fibrous variety of hornblende or tremolite, of so soft a texture 
that it can be spun and woven like flax : and from its incom- 
bustible nature, the cloth made of it may be cleansed when 
dirty, by burning it. The ancients are believed to have wrapped 
their dead in cloth made of asbestos, previously to placing 
them on the. funeral pile, in order to preserve their ashes dis- 
tinct from those of the wood. They used it also for the wLcks 
of their perpetual lamps : it is applied to the same purpose by 
the Greenlanders of the present day. Charlemagne is said to 

* Aetin a ray of the sun. 

t Asbestos uncottflumed, amiantos uudefiled. The singular propertiea 
of this mineral, soft as flax, but pa-fectly incombustible, have giveu rise to 
some strange ideas as to its origin. Marco Polo, who Visited the East \a 
the 13th century, speaking of the mountains of Tartary, says, " There is 
found there a substance of the nature of the Salamander, which, being 
woven, is incombustible.'' The Chinese appear to have imagined that 
the asbestos-doth may have been manufactured '* of the hair of certaia 
''is that lived in the flames of certain volcanos." 
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have possessed a tabledoth woven of aauanthns, which he nsedt 
after Ssxaer, to throw on the fire to cleanse it, for the amuse- 
ment of his gaests. In some parts of the Pyrenees, girdles are 
made of the same substance, intermingled with silver threads,, 
which are highly prized, not only for their beauty, but as a 
sort of charm. In Russia, attempts have been made to manu- 
facture paper from amianth, but they were unsuccessful. The 
Ugniform or u>ood^like ashest, though it consists entirely of 
delicate fibres, is so compact, as to admit of being cut and 
polished: in this state it resembles petrified wood. The 
colocirs are generally brown, inclining to green or grey. 

In Mountain leather* the fibres are very fine, and so interlaced 
as to produce a texture resembling kid leather. 

Mountain or rock eork is spongy and elastic ; its numerous 
cavities enable it to float hke vegetable cork. All these sub- 
stances form little veins in serpentine rocks, and sometimes in 
greenstone, often associated with talc. Fine specimens of the 
wood asbestos come from Sterzing, in the Tyrol. The localities 
of amianth are numerous ; at one time it was found so abund- 
antly in Corsica, as to be used instead of tow for packing 
minerals. Asbest is sometimes enclosed in rock crystal, and 
gives it the appearance of cat's-eye. 

It must be observed, however, that some specimens of asbest 
are found to be augite ; this is generally the case when they 
occur in rocks of which augite is a constituent, or where it is 
abundant : in hornblende and tremolitic rocks, on the contrary, 
the asbest is usually of that species : but it is frequently im- 
possible, without analysis, to know to which they should be 
referred. 

Ferruginous silicates with lime, &c. 

55. Ybnite (Ilvaite; Lievrite). A calcareous silicate of 
iron, which crystallizes in right rhombic prisms variously 
modified. Colour generally intense brown ; lustre approaching 
to metallic. It may be fused without difficulty into a black 
globale; and in acids forms a jelly. Fine specimens, both 
crystallized and massive, are obtained in the Isle of Elba, Rio 
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la Marina, and it is fouDd also in Norway and Siberia. There 
are several other silicates of iron, some of them containing 
water, as Nontronite and Hisingerite — ^but they are unimpor- 
tant, and generally rare and little known. 
Manganesian. 

56. Rhodonite (Manganese spar; Rose Manganese) is of 
a beautiful rose colour, inclining sometimes to violet : mostly 
compact or fine granular; and generally translucent. It is suffi- 
ciently hard and tenacious to strike sparks with steel. Specific 
gravity, 3*6 to 3*9. Heated by the blowpipe, it becomes of a 
dark brown colour, and when fused with borax forms a deep 
rose-coloured enamel. The finest specimens are brought from 
the mines near Ekaterinenburg, in Siberia. Being susceptible 
of a good pohsh, it is sought for to cut into slabs for boxes, 
and for inlaying. 

Photizite and Allagxte difiPer a little from this species in the 
proportions of their constituents : the former is yellow or 
yellowish grey ; the latter incUning to green or brown. 

Zinc. 

57. Electric Calamine is silica combined with zinc and a 
small quantity of water. It received this name from be- 
coming electric when heated; it becomes at the same time 
phosphorescent. It is sometimes found in very small trans- 
parent crystals, often radiated, sometimes with a fibrous struc- 
ture ; also in stalactitic forms, and with an earthy texture. It 
occurs with other ores of zinc, both in Great Britain and other 
countries, and is used for the production of both zinc and 
brass. 

Copper. 

58. Chrysocollk. This is a bright green substance, which 
does not crystallize, but often forms a coating on other ores of 
copper. It is translucent, somewhat vitreous in its appearance,, 
and very brittle. By calcination it gives off water, and be- 
comes black. 

Dioptase is another silicate of copper, of a fine emerald 
green colour ; in transparent crystals, extremely rare. 



BORAX. 73 



Family II. — Borides. 
Genus I. Oxydb op Boron. 
This family is of little importance. Boracic acid (or Oxyde 
of Boron) is contained in solution in the water of some lakes 
in Tuscany; and is found deposited on their horders in the 
form of white or yellowish pearly scales. It is particulatrly 
ahundant near Sasso, whence it has heen called Sassoline. 
Its taste is slightly saline and acid : it melts in the flame of a 
candle^ in consequence of the large quantity of water it 
contains. 

Genus II. Borates. 

1 . Borax, or Boracic acid combined with soda, is a sub* 
stance much used in various manufactures. It is found cr^'s- 
tallized in modified prisms, which are white and transparent ; 
soluble, with a sweetish alkaline taste. It was brought to 
Europe originally from Thibet, where it was obtained in con- 
siderable quantity from the edges and shallow parts of a salt 
lake : at present it is manufactured chiefly from boracic acid. 

2. BoRAciTE consists of boracic acid, combined with mag- 
nesia. - It has been found only in small and distinct crystals, 
embedded in gypsum, in Saxony, and at Kiel in ^o. 46. 
Holstein : these are cubes, of which the alternate 
angles only are replaced; sometimes by one, 
sometimes by three planes; this peculiarity dis- 
tinguishes it from all other minerals which crys- 
tallize in cubes, that in any degree resemble it. 

Boracic add combined with lime and silica, forms 

3. Datholite, a colourless vitreous mineral, crystallizing 
in right rhombic prisms ; but the crystals are small and rarely 
distinct. In some of its chemical characters it resembles the 
zeolites, but in fusing it tinges the flame green. 

Botryolite is nearly the same in composition, but it does not 
crvstallize. Both minerals are found at Arendahl in Norway. 
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Family III. — Carbonidbs. 
GiBDus I. Carbon. 

Carbon and its combinations afford several minerals that are 
interesting, either on account of their utility or their beanty; 
amoDg the latter we find the 

1. Diamond. This gem, so highly valued, is carbon iiia 
state of perfect purity ; that element which enters so largely 
into the composition of all animal and vegetable matter. It is 
always found crystalhzed, and its forms belong to the cubic 
series : the most common are octahedrons with the edges re- 
placed, and dodecahedrons ; and in most instances the secondary 

faces, however briUiant, are con- ^^ ,^ ^^ ^^ 

1I.T ..1 . J- -^ 4^ No. 47. No. 48. 

vex. Notwithstanding its extreme 

hardness, far greater than that of 

any other known substance, the 

diamond yields readily to cleavage, 

parallel to the planes of the regular 

octahedron. Its specific gravity is 

3*48 to 3*55. It is found of many colours, rose, yellow, blue, 

green, and brown ; bright tints, however, except yellow, are 

rare; though it is generally transparent, unless when very 

dark coloured ; rarely with a milky or opaline appearance. Its 

brilliancy is very great, in consequence of its uncommonly high 

refractive power, and its lustre is termed adamantine. 

The fact of the diamond being carbon, is proved by its 
combustion, which takes place when it is exposed to a very 
high temperature : like charcoal, it is converted, by this opera- 
tion, into carbonic acid. 

It is still sometimes asserted that diamonds, after being 
exposed for some time to the sun's light, if taken into a dark 
room, will shine, giving out the rays they have absorbed; but 
the account seems to have originated in an eastern tradition. 

Until the beginning of the eighteenth century, diamonds 
were obtained only from India, where they are still found in 
several provinces, particularly that of Golconda in Hydrabad, 
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and the island of Borneo: but in 1728 the existence of 
diamonds in Brazil became known to some Portugaese co- 
lonists, who discovered the mines at Serro do Frio. They 
have since been found in other places, generally within ten or 
twelve leagues of the city of Tejuco. The most extensive 
mines are those of Mandanga on the river Jighitonhona : it is 
said also that the Serro San Antonio and the district of Rio 
Plata are rich in diamonds. Still more lately, in 1829, 
diamonds were discovered on the western side of the Ural 
Mountains, accompanied, as in Brazil, by grains of gold, and 
ssometimes of platina. 

Both in India and South America the diamonds are found 
in the beds of streams, mixed with sand and quartz pebbles 
and grains of gold, sometimes all connected together by brown 
ochry clay : the crystals are often so much enveloped by this 
crust, as not to be visible till they are separated from it by 
washing. 

Diamonds were valued by the ancients, doubtless on account 
of their hardness and scarcity ; for they were unable to cut or 
even to polish them. The clasp of Charlemagne's mantle, 
which is preserved in the Museum of Paris, was adorned with 
four uncut diamonds of octahedral form. But about the 
middle of the fifteenth century, a young man of Bruges, ob- 
serving the effect of rubbing two diamonds together, made the 
experiment of cutting them by means of diamond-dust, and suc- 
ceeded: the same method is employed at the present day. 
Diamond cutters avail themselves also of the cleavable struc- 
ture of the diamond to remove some parts, and thus reduce 
them to something like the desired form. The octahedral 
points, which cannot be removed in this manner, are reduced 
by rubbing them against another diamond, each being fixed, by 
means of cement, to the end of a stick. When a facet is thus 
produced, the position of the diamond is changed, and it un- 
dergoes the same process in another direction : and when it 
has assumed the proper form, the facets are polished on the 
skive ; a thin circular plate of soft iron, charged with diamond 

E 2 
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powder, which is made to revolve rapidly ; the diamond beiog 
fixed by solder to a stick, and pressed moderately against it. 
Such as are unfit for cutting are called bart : and of these, a 
great part is broken up, reduced to powder, and sold to 
lapidaries : splinters are sharpened to a fine point, and used as 
drills for other hard substances, and for engraving on gems 
and agates ; and many are set in metal, and used by glaziers 
to cut glass : for this purpose, only the natural crystals are 
available, and particularly such as have the edges convex. 

Diamonds have also been used with advantage for the lenses 
of microscopes, and are constantly employed by engravers, 
instead of steel points, for ruling lines to produce flat tints. 

Diamonds of a large size, that is to say, above ten or twelve 
carats,* are rare ; though some few have been found weighing 
upwards of a hundred. The most celebrated ones, that are at 
nresent in the possession of diflerent sovereigns, have already 
been described by so many authors, that the reader is referred 
to their works for an account of them.f 

2. Graphitb (Plumbago; Blacklead; Mine de plomb). 
The substance called blacklead is well known to most persons; 
but few perhaps are aware, that when they make use of a 
blacklead pencil they draw with a substance which is nearly 
identical with the Diamond. It appears to be carbon, differing 
from it, when pure, only in the state of aggregation of its 
particles : it often contains a small quantity of earthy matter, 
or of iron ; but as the latter amounts to only 1 or 2 per cent., 
both are now generally considered as accidental impurities. 
Graphite has always a metallic lustre, with sometimes a fine 
scaly structure, and .soils the fingers when handled. Specific 
gravity, 2 to 2 "45. 

The best graphite is that of Cumberland, but it is found In 
many other parts of Europe, and large blocks have lately been 

* The carat is a weight used by diamond merchants, which is rather 
less than fonr grains troy. 

t Particularly " Minerals and their Uses, in a Series of Letters to i 
Lady," by J. R. Jackson, Esq. 
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imported from Ceylon: it occurs also in Canada, and at 
several places in the United States; generally in detached 
masses of various sizes, or small grains, embedded in. gneiss or 
slate rocks. 

For the best pencils, it is used without any other prepara- 
tion than that of sawing it into thin strips, which are after- 
wards enclosed in wood, or formed into thin rods for the 
ever-pointed pencils : but great numbers of pencils of inferior 
quality are made of a mixture composed of blacklead dust, 
intermixed with clay, and sometimes with lampblack, or sul- 
puret of antimony. 

Genus 11. Carburbt. 

1. Cabburettsd Htdrogbn. This is the gas called by 
miners ^re-c^amp. It is formed in abundance in coal-mines, 
and, being highly inflammable, on th^ approach of a lighted 
candle or lamp it ignites and explodes, producing serious 
accidents, and often loss of life. 

2. Naphtha (mineral oil) is a limpid fluid of a yellowish 
colour, much lighter than water, and very inflammable ; on 
exposure to the dr, it thickens and becomes darker. There are 
springs of this hquid in several countries ; as in Albania, and 
at Amiano near Farma, where it is collected and employed for 
lighting the city of Parma. On the western shores of the 
Caspian, where the soil is light and sandy, on making a small 
hole to the depth of a few inches, and inserting a tube, naphtha 
may be immediately obtained: and at Baku, in the north of 
Persia, are the remains of temples built by the ancient inha- 
bitants, flre-worishippers, who kept it constantly burning, 
believing it to be of sacred origin. 

-Petroleum (liquid bitumen) is naphtha, containing bitumen; 
it is nearly black, and much thicker than naphtha. It oozes 
out of rocks m the neighbourhood of coal beds, and hardens by 
exposure to the air, from the evaporation of the naphtha. At ' 
Rangoon, in the kingdom of Ava, this substance is found in 
great abundance : the pits, whence it is obtained, yield above 
400,000 hogsheads annually. It is common in many other 
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countries, both of Asia and Europe, and found in several parts 
of North America. The bricks of which Babylon was built, 
were cemented by petroleum in place of mortar : the Egjrptians 
employed it in the process of embalming ; and to the present 
day, the boats on the Tigris are tarred with petroleum^ 

Asphaltum is another variety of bitumen, which is solid and 
hard, breaking generally with a glossy conchoidal fracture, 
and very much resembling vegetable pitch. When pure it 
will float on water, and in this manner is collected from the 
Dead Sea ; but it is often mixed with earthy matter, and is 
then heavier than water. 

In the island of Trinidad there is a very remarkable small 
lake, which appears to be entirely filled with asphaltum. 
Near the shore it is solid and hard, but at a short distance it is 
warm and soft, and increases in temperature towards the 
centre, where it seems to be in a boiling state; and even 
the surface of the solid part seems to have been cooled sud- 
denly when in a state of ebullition. 

The asphalt of Seyssel, and other parts of France and 
Switzerland, used for some years past in paving, is of the 
same kind.'*' 

3. Coal consists chiefly of carbon, which In diflerent kinds 
is united with various proportions of bitumen. 

Anthracite (mineral charcoal or glance coal) is the kind 
which contains the smallest amount of hydrogen, and no bitu- 
men ; for this reason it bums without flame or smoke, and with 
difficulty. It is used as fuel in lime-kilns and furnaces. It is 
hard, dry to the touchy and shining. 

Common or slaty coal (houille) diflbrs from the above in con- 
taining bitumen : this is the substance, which, when coal has 
been a short time on the flre, we see oozing and boiling out of 
the cracks in the manner of pitch. Coal is a brittle mineral, 
and most varieties have a tendency to break into somewhat 

* Naphtha is found to consist wholly of carbon and hydrogto : petro- 
leum and asphaltum appesff to contain oxygen likewise, and traces of azote. 
Naphtha is purified from the bitumen it generally contains, by distillation. 
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rectangular fragments. Its specific gravity is not above 1*5; 
and the hardness, which is less than that of anthracite, is variable. 

Cannel coal is very compact, with an even texture; and 
breaking with a large conchoidal fracture and scarcely any 
lustre. It burns readily, and with so bright a flame, that thin 
pieces have been used as candles. It is sometimes turned or 
cut into boxes, inkstands, and other objects, but it does not 
receive a very brilliant polish. 

This is an excellent sort of coal for burning, because it con- 
tains more hydrogen than any other : this gas, combined with 
a portion of carbon, is obtained from coal by distillation, and is 
the gas employed for lighting streets and houses : the bitumen, 
also, which is volatile at a certain heat, is obtained by the same 
process, and is used under the name of coal tar. 

These, and other varieties of coal, form extensive beds, in- 
terstratified with other rocks, principally sandstone and slaty 
day, or shale : the coal strata are generally much thinner than 
the intervening beds, and often appear only at considerable 
intervals, after several repetitions of them. 

Lignite, bituminized wood, or Itroum coal, differs from black 
coal in having a woody structure, and in containing a different 
sort of bitumen, which bums with a peculiar odour : it appears 
to be coal of imperfect or more recent formation than the other 
kind. There is a considerable deposit of it near Bovey, in 
Devonshire, and it is common in many other countries. 

Jet is a very compact lignite, which, when broken, has a 
brilliant lustre: the original woody structure may, notwith- 
standing, often be perceived ; and it is even found sometimes 
in the form of .branches and stems of trees. Large quan- 
tities of jet are found in the Department of Aude, in the South 
of France; and several hundred persons formerly gained a 
living in that part, by turning and carving it for ornaments ; 
but the consumption is now much diminished. 

Cologne earth, which is used for painting, is a decomposing 
variety of brown coal, and in the vicinity of Cologne it is 
damped and pressed into moulds and used as fuel. 
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4. Amber (Succin). It occurs in irregular roundifih pieces 
from the size of a nut to masses weighing several pounds, 
which are generally embedded in lignite or in the sandy strata 
belonging to the same formation. The colour of transparent 
varieties is yellow or brown ; the opaque specimens are often 
white. Specific gravity 1 to 1*18; hardness 2 to 2*5. 

Amber is sometimes found containing insects, which seems 
to confirm the supposition that it is^ originally, a vegetable 
resin, hardened, and, perhaps otherwise altered by time and 
situation. Amber may be distinguished from substances which 
are sold under that nam^, by its greater hardness and tenacity, 
and its becoming more strongly electnc by friction. It bums 
with an agreeable edour. 

Retinasphalte is a mineral resin of a light brown colour, 
nearly opaque, sometimes earthy, which occurs in lignite : it is 
soluble in alcohol. 

Highgate resin or fossil copal, schiererite, hatehetine and dyso- 
dyle, are all minerals of a resinous nature, generally occurring 
with lignite, or near it. 

Genus III. Mbllate. 

Mbllite, which has also been called honeystone, from its 
colour, occurs in square octahedrons, resembling bits of yellow 
resin, embedded in lignite, in Thuringia. It consists of alu< 
mina and water, united to mellitic acid, which contains, by 
weight, about equal quantities of carbon and oxygen. Burns 
to a white ash. 

Genus IV. Oxyde op Carbon. 

Carbonic Acid (Fixed Air) exists in some mineral 
waters, giving them the sparkling pungency of artificial soda 
water. It destroys life and combustion, and being much 
heavier than the air of the atmosphere it is dangerous to 
descend into caverns where it is naturally generated: the 
Grotto del Cane, near Naples, is celebrated for the efifects 
produced by the fixed air, which fills it to a level with the 
entrance. Its compounds are comprised in the next genus. 
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Genus V. Carbonate. 
The minerals comprised in this genus ai^e characterised by 
their solubihty in acids, at the same time disengaging carbonic 
acid by effervescence; some, however, require heat to effect 
their solution. 

1. Natron (Carbonate of Soda) occurs in nature as a 
powder or incrustation, which, if pure, is white ; otherwise, 
yellowish or grey. It is perfectly soluble, and its alkaline 
taste is generally known: crystals obtained artificially are 
transparent at first, but effloresce by exposure to the air, and 
are soon covered with a white pulverulent coating. 

Natron is abundant in some of the lakes of Egypt, Arabia, 
and India ; and In Hungary, during the summer months, the 
ground often becomes white with this salt, as if covered with 
snow. 

2. Trona, which contains less water and more carbonic 
acid, does not effloresce. Between Tripoli and Fezzan in 
Africa, it forms a thin bed of a fibrous structure, from which 
hundreds of tons are extracted annually. It is found hkewise 
in Columbia. 

3. Carbonate of Lime. Few minerals present so great a 
variety in their appearance, and none afford so many crystalli- 
zations. 

Calcspar, which we have mentioned more than once, is car- 
bonate of lime in its purest state : its specific gravity is 2*6 to 
2'73 ; hardness 3. Its crystals are derived from a rhombohe- 
dron. No. 49, which is easily obtained by cleavage, the planes 
meeting at an inclination of 105^ 5'. 

The annexed figures. No. 3, p. 7, and Nos. 5, 8, 10, p. 8, 

No. 49. No. 50. No. 51. 
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occur more frequently than most others ; No. 4 and 7> p. 8, 
also, are not uncommon. 

Calcspar is generally transparent or translucent ; the faces 
of the crystals, sometimes very briUiant ; but it is remarkable 
that the bases of the hexagonal prisms are alway opaque. It is 
sometimes perfectly colourless, often of a topaz or honey-yellow, 
greyish, or reddish. When pure it consists of 56*3 of lime, 
and 43*7 of carbonic acid : but it frequently contains some 
carbonate of iron or magnesia, or is coloured by oxyde of iron 
and clay. 

Exposed to the blowpipe, carbonate of lime does not swell nor 
fall to powder, but becomes white and caustic ; it is then quick 
lime : some varieties are phosphorescent when heated, and shine 
with a pale yellow light. Crystals of calcspar are rarely found 
embedded in other rocks, as is so commonly the case with gar- 
nets, tourmalines, and many other minerals; but they form 
groups in the clefts of calcareous rocks, and the cavities of 
metalliferous veins. The copper mines of Derbyshire and 
Leicestershire, and the lead mines of Durham, afford beautiful 
specimens; and very fine crystallizations occur in the silver 
mines of the Hartz Forest, particularly of the hexagonal prism. 

Satinspar consists of fine parallel fibres, either straight or 
waved, and has a silky lustre; it fills small veins in limestone 
rocks, the fibres lying across the vein. 

Limestone is a general name applied to all massive varieties 
of carbonate of lime that form beds of great extent, or moun- 
tains. Some kinds are granular, with a highly crystallme 
structure, such as the marbles of Paros and Can'ara, which are 
employed in sculpture: they are likewise called sachardide, 
from their resemblance to loaf sugar. Other marbles are com- 
pact, as the yellow marble of Sienna, several richly coloured 
marbles of Spain (obtained chiefly from the Pyrenees), and a 
beautiful black marble with clear white spots, which is quarried 
in the South of France (Arri^ge ; Aude ; Basses Pyrenees). 

There are many other sorts, containing an immense number 
of petrifactions. Some of the grey Derbyshire marble consists 
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almost entirely of portions of encrinites (called there, screw- 
stones) ; a similar kind is found in the neighbourhood of Mons^ 
and extensively used in Paris for tables and other furniture, 
ander the name of petit granit. Others are full of the remains 
of shells, both bivalves and univalves, some of which retain 
the pearly lustre and brilliant colours of recent shells. The 
limestone of the South of Devon, (Plymouth marble,) which is 
much used there for chimney pieces, &c., abounds in fossilized 
madrepores of a grey colour, prettily veined with red and white. 

Stinkstone is limestone containing a large proportion of bitu- 
men, which when rubbed or scratched by any hard substance, 
or slightly heated, gives out a strong fetid odour : it may be 
observed in some of the black and grey marble of Derbyshire. 

Odlite or roestone, so named from its resemblance to the roe 
of a fish, forms large beds, extending through a great part of 
England, The Bath and Portland building stone are good 
examples of it. 

Peastone or pisolite differs from it only in the larger size of 
the grains. 

Chalk is carbonate of lime of an earthy texture. It forms 
the cliffs along the south-east coast of England, which acquired 
for our island the name of Albion. The lower stratum is much 
more compact than the upper chalk, and less white. 

Rockmilk resembles chalk, but is much more tender : it is 
found in the clefts of mountains, where it is deposited by water 
containing calcareous particles. 

Stalactites* are sometimes transparent and have the crystal- 
line structure of calcspar, sometimes they consist of parallel 
layers or bands of different degrees of translucidity or shades of 
colour ; this sort is often employed for vases and slabs, under 
the names of alabaster and onyx marble. 

Calcareous tufa. In Derbyshire are several springs, called 
there petrify inff springs, which quickly incrust any object im- 
mersed in them, by depositing on it the lime they hold in solu- 
tion : this incrustation is tufa or tuff. But the most remarkable 

* See p. 15. 
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water of this kind is that of a stream at St. Allyre, near Cler- 
mont, in AuTergne, which, having been allowed to run for a 
length of time in the same channel, formed by degrees an 
embankment 240 feet long, 12 feet wide, and 16 feet high 
at the extremity ; and near it rons another stream, whose cal- 
careous waters have raised an arch so broad and solid, that 
carriages pass over it in safety. 

Limestone rocks are intersected by veins afibrding the ores 
of lead, zinc, and copper, and afford specimens of these inter- 
mixed with fluorspar, calcspar, and quartz. 

The limestone rocks also contain the most extensive and inte- 
resting caverns ; they are generally adorned with stalactites 
which assume the form of obelisks, gothic architecture, groves, 
wreaths, and draperies ; sometimes of dazzling whiteness, some- 
times sparkling with innumerable tufts of crystals. 

4. Arragonits (Hard carbonate of lime) appears to be ithe 
same substance as calcspar, but differs in its greater hardness, 
which is nearly that of fluorspar ; and in its crystallizations, 
which originate from a rhombic prism. It never forms large 
masses like the rocks and strata of limestone, but its crystals 
are found in several situations : very fine ones occur in a red 
clay near MoUna in Arragon, and in Valencia : and a beautiful 
variety, in the form of a delicate coralline and snow white, is 
brought from some of the mines of Styria and Bohemia : it was 
formerly thought to be a carbonate of iron, and called^o^^/ern. 

Several analyses of arragonite indicate a very small quantity 
of carbonate of strontia and water as constituents: but the 
proportion being variable and not exceeding 4*7 per cent., it is 
doubted whether these ought to be regarded as essential to its 
composition, or accidental. 

5. Dolomite (Miemite ; Bitterspar; Magnesian limestone). 
This is a combmation of the carbonates of lime and magnesia, 
generally in about equal parts, sometimes with a small portion 
of carbonate of iron, which, however, does not affect the crys- 
tallization. At first sight, the crystals of dolomite might be 
mistaken for those of calcspar, but they present no other variety 
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than primary rhombohedrons, sometimes large, transparent, 
and brilliant ; or the same solid, with a single modification on 
the lateral angles. It affords brilliant cleavages^ is a little 
harder than calcspar, and dissolves with scarcely any percep- 
tible effervescence. 

Pearlspar or broumspar is a crystallized variety, common in 
England, particularly among the lead and copper ores ; it is 
distinguished by its lustre, and the curvature of the faces : it is 
sometimes of a golden-yellow colour, but more often brown : 
translucent or nearly opaque. 

Gurhofian is white and compact, with the texture of porce- 
lain. 

Granular dolomite has very much the appearance of white 
marble ; but is. more easily crumbled. A great part of MounJ 
St. Gothard, and the mountains of the Tyrol, are of this sub- 
stance, which produces the finest crystallized specimens. 

Magnedan limestone is finely granular and generally of a 
yellowish grey colour. It forms extensive beds in the North 
of England, and has been selected as a building-stone in the 
construction of the New Houses of Parliament. The lime 
obtained by burning this limestone, is said to make excellent 
mortar. 

6. Carbon ATB of Magnesia (Giobertite; Magnesite). — 
This is a scarce substance ; found occasionally in serpentine, 
either in fibrous plates, or small rhombohedral crystals. Hard- 
ness 3 to 4. 

Nemalite is the same, containing water ; sometimes in grey 
silky fibres, sometimes white and earthy, resembling the mag- 
nesia of the shops. Both occur at Hoboken, in New Jersey. 

7. Carbonate of Iron (Ironspar; Spathic iron; Siderose). 
This mineral also crystallizes in the same system, and presents 
some of the same forms as calcspar. Beautiful groups of the 
flat rhomboid. No. 5, p. 8, rounded on the edges so as to 
have the form of a lens, are obtained in Piedmont, and at 
Baigorry, in the Pyrenees : hexagonal prisms from St. Agnes, 
in Cornwall, and other varieties from Cumberland, usually as- 
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sociated with quartz. They are generally of a yellowiah grey, 
or a ru8t colour ; rarely white. SometimeB it is massiye^ with 
a crystalline structure^ filling veins, and exactly resembling 
calcspar in appearance : it may be distingoished, however, from 
that mineral by greater hardness = 4, higher specific gravity 
= 3 to 3*8, and by its darkening and becoming magnetic when 
heated by the blowpipe. 

Clay iron ore, a mineral extensively used in the English iron 
foondries, is carbonate of iron rendered impore by an inter- 
mixture of clay and silica, oxyde of iron, and other carbonates; 
it is earthy or compact, generally grey or brown^ and occurs in 
flattened nodules in the coal districts. They very generally 
contain impressions of fossilized ferns and other plants. 

8. Carbonate of Manganese (DiaUagite). Generally of 
a pale rose colour ; cleavable parallel to a rhombohedron rather 
less obtuse than that of calcspar. Specific gravity 3*2 to 3*6. 
It is a rare mineral, found occasionally in Saxony and Transyl- 
vania. Distinguished from Rhodonite by inferior hardness. 

9. Carbonate of Zinc (Calamine, Smithsonite) is abun- 
dant in many of the localities of lead ores, particularly in Eng- 
land and Carinthia. It is massive, stalactitic, or incrusting, not 
unfrequently crystalline, and is another example of the preva- 
lence of the rhombohedral system in the carbonates; but crystals 
are small and not frequent, resembling No. 3^ p. 7, and No. 8, 
p. 8.* 

Calamine dissolves with very perceptible effervescence ; but is 
distinguished from calcspar by volatilizing before the blowpipe. 
It is smelted with other ores of zinc. 

* For the convenience of reference a list is annexed of the obtuse angle 
of cleavage in the rhombohedral carbonates. 
DiaUagite 
Calcspar . 
Dolomite 

Carbonate of iron . 
Carbonate of magnesia 
Carbonate of zinc . 
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10. WiTHERiTE (Carbonate of Baryta). This mineral is 
abundant in many of the £nglish lead mines, particularly in 
those of Alstone Moor, Shropshire, and Anglesark in Lanca- 
shire; it is. rarely crystallized, but occurs in large masses 
resembling alum. When powdered and thrown on hot coals, 
it emits a phosphorescent light ; but it is distinguished from 
most other carbonates and earthy minerals, chiefly by its high 
specific gravity = 4*29, which, however, has occasioned its 
being mistaken for a lead ore. Fusible, without addition, to a 
glassy globule. 

The salts of bar3rta used in chemical analyses, are prepared 
from witherite, and in the North of England it is used as a 
poison for rats. 

Bar}rtocalcite is a carbonate of baryta and lime, found at 
Alstone Moor. 

1 1 . Strontianite (Carbonate of Strontia). A mineral that 
was first discovered among lead ores at Strontia in Argyle- 
shire, and is still found in some few other localities. It is rarely 
crystallized, but occurs fibrous and coarse granular, almost 
constantly of a pale yellow-green colour, and translucent. 
Specific gravity 3*6. It may be fused by a strong heat, and 
gives a red colour to the flame, a property which has caused it 
to be used in pyrotechny. 

12. Carbonate of Lead (White Lead Ore; Native ceruse ; 
Lead spar). This is the same substance as the white lead of 
commerce, which is prepared artificially. It is abundant in 
some lead mines, filling large veins or intermixed with other 
pres, either compact, earthy, or crystalline. Its crystals are 
derived from a right rhombic prism,* diflering very little from 
that of witherite, and are often grouped so as to form a cross 
or a star. It is the only mineral which equals the diamond in 
brilliancy; its lustre, when pure and transparent, being ada- 

* Angle of the rhombic prisms which are the primary forms of 
Witherite .... 118^57' 
Strontianite .... 117** 32' 
Carbonate of lead . . . 11 7** 
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mantine. It is brittle ; and the specific gravity as high as 6'5 
to 6*7. When fused by the blowpipe on charcoal, a bead of 
lead is obtained ; or if dissolved in nitric 
acid, upon immersing a piece of zinc (the 
surface being quite clean) metallic lead 
will quickly be precipitated on it in bril- 
liant laminee. Either of these operations 
will distinguish it from witherite. Some 
of the finest crystallizations are brought from the lead mines 
of Lanarkshire. When massive it has sometimes a crystalline 
structure, splitting readily into lar^ flakes with a brilliant sur- 
face. An earthy variety, resembling chalk in its appearance, 
is comnK>n in the lead mines of Durham 
and Derbyshire. But it is a mineral met i^%^* 

with not only in lead mines : it is frequently 
found ¥rith copper pyrites and blende : and 
in Cornwall, with antimony, and other 
minerals peculiar to that district. In these 
situations it often forms columnar masses 
or acicular crystals, with a silky lustre. 

The sulphO'Carbonate of lead, which is this substance com- 
bined with about one third of its weight of sulphate of lead, 
resembles it in brilliancy and weight, but when dissolved in 
nitric add, it leaves a residue which is sulphate of lead. 

Carbonate of Copper. 

This term comprises three species, difiering in the propor- 
tions of their constituents : but they are all soluble in adds, 
and their solutions will precipitate metallic copper on the blade 
of a knife, or any piece of clean iron immersed in them. 

13. Azure Copper Ore is a beautiful mineral of a dark 
blue colour, inclining to purple, and, when pure, semi-transpa* 
rent and vitreous; when powdered, a bright azure. It is 
generally crystallized, in short oblique prisms somewhat modi- 
fied, which are often grouped into globular and reniform 
masses ; when more slender, in tufts. 
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The finest specimens are obtained in Hungary, and at 
Chessy, near Lyons, where it is abundant; it is generally 
converted into the su^hate of copper, an application which is 
found to be more profitable than smelting it for copper, although 
it contains above 50 per cent, of the metal. 

14. Malachite is another beautiful substance : it is rarely 
crystallized, but occurs in botryoidal and reniform masses, 
from the size of a nut to a foot or more in diameter, with a 
smooth surface and a finely fibrous structure. Its colour is a 
bright pure green; and when broken it exhibits concentric 
bands of various shades, follovring the curves of the surfiace. 
It is little harder than calcspar, but is much employed for 
objects of ornament, since, notwithstanding its softness, it 
receives a fine poUsh ; and when cut, the concentric rings of 
dark and light green have a very pleasing effect. Hitherto> the 
large and fine blocks of malachite employed for these purposes 
have been obtained from Siberia : but it appears probable that 
the Burra Burra mines in South Australia may soon rival that 
long celebrated locality ; as they have already produced com- 
pact masses of great beauty, and crystallized specimens both of 
this and the blue carbonate. These ores differ in composition, 
the blue carbonate containing less copper and water, and more 
carbonic acid, than malachite. 

15. A dark brown mineral, without lustre, and sectile, has 
been found in India, which is said to be anhydrous carbonate of 

copper, 

' I 

Family IV. — Htorogbnides. 

Grenus I. Hydrogen. 

Pure hydrogen is rarely met with in nature ; but mixed with 
sulphuretted hydrogen, it is often disengaged from fissures in 
the earth, during volcanic eruptions and earthquakes. 

Genus 11. Water. 

A great deal might be said about this most useful substance, 
which exists in so many formsj and under so many different 
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circumstances. When perfectly pure, it consists (by weight) 
of the following matters in combination : 

Oxygen 88*9 

Hydrogen 11*1 

But all water, whether pure or saline, contains some atmo- 
spheric air, without which it would be unfit for the suppcurt of 
either animal or vegetable life. The clearest springs generally 
contain, also, particles of one or more salts in solution. When 
the saline matters are in such quantity that the springs derive 

* 

from them medicinal properties, they are called mineral waters: 
such are the springs of Cheltenham, Leamington, and others. 
Sea water derives its bitter taste from the salts of magnesia 
that it contains. 

Warm springs are common in several countries ; and some 
have a very high temperature. The celebrated water of Bar- 
rages in the Pjrrenees, which is impregnated with sulphureous 
vapours, varies from 99° to 117^ (Fahr.), and the spring of 
Bagn^res de Luchon, of the same kind, raises the thermometer, 
sometimes, above 140^. 

The Geysers, or boiling fountains of Iceland, at a depth of 
some yards, must be far hotter than boiling water at the surface 
of the earth, and hold even silica in solution. 

Although water is liquid at a moderate temperature, when 
solidified by cold it crystallizes and assumes the form of hexa- 
gonal prisms, and a variety of stellar figures, always having six 
rays or branches at equal angles: these crystallizations are 
often perceptible in flakes of snow. 



Family V. — Nitrides. 
Genus I. Nitrogen or Azotb. . 
This gas is contained in the water of many springs : it is 
said, that from one of the warm springs of Bath upwards 
of 200 cubic feet are disengaged daily. 

Azote combined with oxygen forms nitric acid : its combina- 
tions constitute 
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Genus II. Nitratbs. 
These salts are all soluble in water, and, when thrown on 
live coal, cause vivid combustion. 

1. Saltpbtrb (Nitre; Nitrate of potash). On the surface 
of the soil and on the sides of caverns, chiefly in calcareous 
countries, and on the walls of old buildings and cellars, this 
salt is often met with in the form of a thin crust, or tufts of 
minute crystals. In India, Spain, and Egypt, large quantities 
aie collected from the ground during the hot weather succeed- 
ing the periodical rains. In Kentucky, and some other of the 
United States, it is obtained from the earth that forms the 
floor of caverns. One of its principal uses is in the fabrication 
of gunpowder, and it is employed in medicine, and in the pre- 
paration of nitric acid. 

2. Nitrate of Soda. This salt is obtained in large quan- 
tity in Peru, near the Bay of Yquique, from a bed from two to 
three feet thick, where it is mixed with glauber salt, sand, and 
the remains of recent shells ; the whole appearing as if it had 
been covered by the sea at no very distant period. Burns on 
coal with a strong yellow light. 

3. Nitrate of Lime, and 4. Nitrate of Magnesia, are 
found dissolved in the water of some springs ; the latter cha- 
racterised by its bitter taste : they are also formed on old walls 
along with saltpetre. 



Family VI. — Sulfhuridbs. 

This family contains a great number of substances that are 
highly important and useful in the arts of life, particularly most 
of the ores whence we obtain copper, silver, lead, zinc, and 
antimony; and they are not less interesting to the minera- 
logist from the beauty and variety of their crystallizations and 
colours. 

Genus I. Sulphur. 

Native Sulphur, when crystallized, is a beautiful mineral : 
the crystals are transparent, of a bright yellow slightly inclining 
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to green ; or, when they contain seleniam, of a rich orange 
tint. They are acute octahedrons, sometimes with the som- 
mits, sometimes the edges replaced, the base being a rhomb. 

The finest specimens are obtained from the mines near 
Cadiz; and from the Val di Noto and Val di Mazzara, in 
Sicily, where groups of brilliant crystals are prettily contrasted 
with those of celestine, equally briUiant and of a pure white. 
In both these localities the sulphur is embedded along with 
gypsum, in the strata which furnish rock salt. But by far the 
greater part of the sulphur which is employed in different ma- 
nufactures and chemical preparations, is derived from those 
great depositories cajled Solfatara, which exist in the imme- 
diate neighbourhood of modern volcanos, such as those of Puz- 
zuoli, near Naples, in Sicily, and Guadaloupe. It is said that 
in 1820 Sicily produced 70,000 tons of sulphur, of which 
40,000 were exported to Great Britain alone. Sulphur is col- 
lected also from the crater of Vulcano (Lipari); and other 
active volcanos furnish it abundantly. In these deposits the 
sulphur is massive, in crusts and stalactitic forms, and often 
opaque. 

The uses of sulphur in the manufacture of gunpowder and 
sulphuric acid are well known: combined with mercury, it 
produces vermilion ; and it is employed in bleaching and in 
medicine. 

Genus II. Sulphurets. 

1 . SuLPHURBTTED Htdrogen. Thosc who have tasted the 
Harrowgate water are acquainted with one distinguishing 
character of this gas, — its smell, resembUng that oi rotten eggs. 
It is dissolved in the water of many other springs both in 
Europe (Pyrenees) and America (Virginia). It is owing to 
this gas floating in the atmosphere of all large towns, that 
silver and copper so soon become tarnished when left exposed 
to the air ; it unites with the metal, superficially, and forms 
sulphurets of silver and copper. 

2. Cinnabar. This is a sulphuret of mercury, and occurs 
in various states : sometimes in crystals which are perfectly 
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transparent, brilliant, and of a fine deep carmine colour : some- 
times massive, with a granular structure, the colour inclining 
to steel grey, and the lustre slightly metallic; and, occa- 
sionally, as a fine powder of a rich scarlet colour (native 
vermilion), which is contained in the cavities of massive 
cinnabar. There is also an impure variety, with a slaty struc- 
ture, of a dark liver-red or blackish colour, which contains, 
besides earthy matter, carbon, and sometimes bitumen (hepatic 
ore). 

The crystals are six-sided prisms, generally modified on 
alternate edges ; but they are usually very small and complex. 
The specific gravity of cinnabar, when, pure, is 8, which is 
higher than that of any ore which resembles it. But if a 
specimen should not be recognised by its external characters, 
it may be ascertained by the blowpipe : the sulphur will bum 
away with a pale blue flame and sulphureous smeU ; and the 
whole of the mercury will be volatilized by the heat ; and if a 
piece of clean copper be held over the vapour of the cinnabar, 
it will be coated with mercury. 

From this ore the greater part of the mercury of commerce 
is obtained by a process of distillation. 

There are in Europe several extensive deposits of cinnabar ; 
particularly at Almaden, in Spain (Province of La Mancha) ; 
at Idria, in Camiola ; and at Fotzberg, in the Duchy of Deux 
Fonts, on the Rhine. Those of Idria, discovered in 1497, are 
very extensive and productive, though the ore, which is prin- 
cipally hepatic cinnabar, is less rich than that of Almaden. 
Pliny records that from the latter place the Greeks imported 
red cinnabar 700 years before the Christian era ; and that in 
his time the Romans received thence, annually, 700,000 lbs. 
weight. The principal vein under exploration is from 14 to 
16 yards in thickness, and appears rather to increase than 
diminish in width, as it descends into the earth. 

In the Idrian mines, a great conflagration took place in 
1 803, and the volatilized mercury occasioned dreadful diseases 
among 900 persons in the vicinity. The health of the work- 
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men employed in the quicksilver mines suffers very much 
from the poisonous vapours constantly floating in the air they 
hreathe. 

Sulphurets of Silver. 

3. Silver Glance (Vitreous Silver; Arg)rrosc). This 
ore, when pure, consists of 86*5 parts of silver, and 13*5 of 
sulphur, and furnishes the principal part of the silver of com- 
merce, heing the most abundant of its ores, and, if we except 
native silver, the richest. It is of a dark steel-grey colour, 
with metallic lustre, and is found both massive and crystallized 
iii forms belonging to the cubic system (figs. 2, 3, 8, 9), but 
without any trace of cleavage ; and the surface of the crystals 
is often bluish-black, or iridescent. Its specific gravity is 6' 9 
to 7*2 ; higher than that of copper glance, the mineral which 
it most resembles : it is soft and sectile, so that small chips 
may be cut off without crumbling. 

By exposing it to the blowpipe, a bead of silver is obtained, 
without the addition of any flux, the sulphur gradually burning 
away : it is soluble in dilute nitric acid, and if a piece of copper 
be dipped into the solution, metallic silver will be deposited on 
its surface. This test applies equally to air silver ores when 
dissolved in acid. 

In the rich silver mines of Saxony and Bohemia, situated in 
the mountains of the Erzgebirge, this ore forms considerable 
veins : but those worked in the mines of Mexico and Potosi 
greatly surpass them in size. The crystals adhere to the 
sides of cavities, and are accompanied sometimes by calcspar, 
sometimes by quartz, and often by copper pyrites. 

4. Brittle Silver Glance (Black Sulphuret of Silver) is 
a sulphuret of silver containing antimony, which is of a darker 
colour than the preceding, and when powdered appears quite 
black. The crystals, which are rare, are hexagonal prisms, 
sometimes terminated by pyramids, or modified by planes on 
the terminal edges. 

The blowpipe reduces it to a bead of silver ; the sulphur 
burning away and the antimony being volatilized in white 
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fumes. It occurs principally in the silver mines of Schemnitz 
in Hungary, and Freyberg in Saxony, where it is wrought and 
smelted. 

5. Red Silver Orb (Ruby silver; Rubinblende) is of two 
kinds — ^the dark red silver ore is a sulphuret of silver and 
antimony, the light red silver ore in place of antimony con- 
tains arsenic : externally they differ only in depth of tint, 
both occurring in crystallized masses of a beautiful ruby colour, 
sometimes so intense as to appear black ; the crystals resemble 
some of the forms which belong to calcspar, and are derived 
from a similar rhombohedron. The powder of the antimonial 
ore is dark red ; that of the arsenical, scarlet. When exposed 
to the blowpipe, both kinds afford a bead of silver : the anti- 
mony of the one evaporating in white fumes, and the arsenic 
of the other producing the characteristic smell of garlic. They 
contain from 59 to 64 per cent, of silver : the brittle silver 
ore is still richer. 

They are all found in several localities of silver glance, 
though comparatively in small quantity in the European mines : 
but in some parts of America, particularly Mexico, dark red 
silver is the principal ore, and the mines of Somberete and 
Cozala, where that species chiefly is raised,, have produced 
immense quantities of metal. 

Myargyrite is an antimonial sulphuret, which affords but 
36*5 per cent, of silver : externally it is black and semi- 
metallic, but when powdered appears to be very deep red. 

Polybfisite, which is rich in silver, contains about 9 per cent, 
of copper and iron : colour, dark steel-grey. 

The presence of copper may be detected by dissolving the 
globule, obtained by fusion, in nitric acid : the copper will be 
quickly deposited on a knife blade dipped into the solution. 

JStromeyerine, a sulphuret of silver and copper, has beeh 
found at Schlangenberg in Siberia, in small compact masses of 
an iron-grey colour and metallic lustre. These substances 
occur in but few of the great depositories of silver ores, and in 
very small quantity. 
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Sulphurets of Copper. 

There are several combinations of sulphur with copper* 
some of which, the copper glance, copper pyrites, and varie- 
gated copper, are valuable ores. 

6. CoPFBR Glancb (Vitreous Copper Ore). This is the 
grey copper ore of the Cornish miners; it has a dark steel- 
grey colour, and when freshly broken a perfectly metallic 
lustre ; but the exterior is often black and dull. Its crystals 
belong to the rhombohedral system, and are generally short 
hexagonal prisms, with the terminal edges replaced or ter- 
minated by p)n*amids : and, sometimes, double pyramide 
occur, without any intervening prism. It is more often, how- 
ever, found in masses without any regular form, or filling 
small veins. When not crystallized it might easily be mis- 
taken for the sulphuret of silver, but the fracture has less 
brilliancy, and the copper ore melts easily before the blowpipe, 
but is not so quickly reduced without soda. The specific 
gravity, also, does not exceed 5 '8. 

This is the richest of all the sulphurets of copper, affording 
75 per cent, of metal, and being in general ver}- free from any 
other. It has been met with in some of the Cornish copper 
mines, but only in small quantity ; but in the Outal mountains 
it is an object of extensive exploitation : it is said to occur 
there in nodules of various sizes, disseminated in veins of clay 
and gravel. 

7. Variegated Copper Ore (Phillipsite). This was long 
considered to be the same substance as copper pyrites, of 
which the surface was tarnished ; but it differs from it in con- 
taining less iron and sulphur, affording about 60 per cent, of 
copper, while copper pyrites does not yield more than 33 or 34. 
The poorness of the latter, however, is compensated by its 
greater abundance. Both the crystallized and mammelated 
varieties usually exhibit brilliant colours, in which purple tints 
are the most conspicuous : these, however, are superficial, and 
on breaking it the colour appears to be rather browner than 
that of metallic copper. Crystals are rare : they are generally 
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cubes with the angles replaced (PI. fig. 2) ; sometimes it 
forms a thin coating on crystals of copper glance, and it is 
often disseminated amongst quartz and other minerals. It is 
softer than copper pyrites, and the colom* much redder : and 
it is less easily fusihle than copper glance. Specific gravity 
about 5. 

8. Copper Pyrites (Yellow Copper Ore) is the most 
abundant of the English copper ores. Its colour is that of 
brass, and its lustre perfectly metallic and shining, particalarl3r 
when fresh broken. It is easily scratched by a knife ; difiering 
in this character from iron pyrites, which is mach harder. 
Groups of small crystals, which are tetrahedrons variously 
modified^ or octahedrons, dififering little from the regular one, 
are often sprinkled over other substances, as quartz, calcspar, 
fluorspar, g^ena, and blende ; but they are very seldom distinct 
or perfect. 

Copper pyrites, when pure, consists of sulphur 35*87, 
copper 34'40, and iron 30*47. Both this and the variegated 
ore, when fused by the blowpipe, afford a globule which is 
attractable by the magnet. 

Copper pyrites forms veins in granite, slate, and other 
rocks, sometimes filling them entirely, sometimes distributed 
in irregular masses varying in size, and occasionally weighing 
some hundreds of pounds. The Derbyshire mines, those of 
Freyberg' in Saxony, and St. Marie aux Mines in Alsace, have 
produced the most beautiful specimens of this ore. 

9. Grey Copper Orb (Fahlore, or Fahlerz). The com 
position of this ore varies exceedingly in different localities ; 
but it still presents nearly the same appearance ; a light grey 
metallic substance, either massive, or crystallized in the form 
of the regular tetrahedron, which is gene- nq. 54. 
rally modified by planes on the edges or 
angles. It consists principally of sulphoret 
of copper, antimony, and iron, with arsenic, 
zinc, or silver, and sometimes with all 
these metals: the proportion of silver 

w 
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amouafts in some instances to 17 per cent. ; the ore is then 
worked for the sake of the silver as well as of the copper : this 
is the case in the mines of Chili. Good crystals are sometimes 
obtained in the Cornish mines. 

10. BBLLifBi^A.L Orb (Tin pyrites). A rare mineral which 
has been found, hitherto, only in Cornwall : it is metallic, of a 
yellowish-grey colour, inclining to red, and consists of sulphur 
30*5, copper 30, tin 26*5, and ire? 12. Does not crystallize; 
specific gp-avity 4*3 to 4*78. 

11. Tennantits is a sulphuret of copper and arsenic, which 
is also peculiar to a few localities in Cornwall. It occurs in 
small black brilliant crystals, which are rhomboidal dodecahe- 
drons, sometimes with the angles truncated. 

Sulphuret of iron. 

Of this there are thrc/e species ; two of which, cojnmon and 
white iron pyrites, differ m crystallization, but, like calcspar and 
arragonite, consist of the same elements and in the same pro- 
portions; namely, sulphur 52*70 and iron 47*30: the third 
species, ms^etic pyrites, is composed of sulphur 40*15 and 
iron 59*85. Their specific gravity varies from 4*6 to 5. 

12. Common Pyrites (Martial pyrites; Mundic of the 
Miners) is a yellow metalHc substance, cryatallizing m cubes 
octahedrons, and more particularly in 

forms presenting faces of the pentagonal 
dodecahedron (Fk figs. 13, 14, 15, 16)* 
The planes of the cube are very often 
streaked in directions corresponding to 
these faces. Independent of its crystal- 
lizations, which are gena'ally perfect and 
often on a large scale, it may be distinguished from copfer 
pyrites by its paler colour, more conchoidal fracture, and 
greater hardness, scratching glass and striking fire with steel. 
This latter property of pyrites was known to the ancients, who 
gave it the name it still bears, whidii means freestone. For 
the same reason, it was used in the early times of fire-arms» 
instead of the gun-fiints by which it was afterwards replaced. 
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The ancient Peruvians are thought to have used it for. mir- 
rors, small polished plates of it having heen foond in some of 
their tcxnbs ; hence ia that country it is still sometimes called, 
piedro de los Ineas. Formerly, when steel buttons were in 
&iahion^ pyrites also was cut into such ornaments, and worn 
under the name of nuarcante. 

At the present time, diough it is applied to none of these pur- 
poses, it is very useful, being employed in the production of 
sulphuric acid, alum, and sulphate of iron, or copperas. 

Iron pyrites is one of the most abundant ores in nature, and 
more universally distributed perhaps than any other mineral, 
being found in every kind of rock that we are acquainted with* 
In some localities, it contains particles and scales of gold : at 
Beresof in Siberia, and Macognaga in Piedmont, the gold 
occurrin^in this manner is a principal object of research. 

13. Whitb Iron Pthitbs, so called from its .very pale 
colour, occurs in groups of thin tabular crystals derived from a 
rhombic prism, which present a number, of very sharp or acute 
edges: from its peeuliar forms it has been called cockscomb 
pyrites and ^[tear pyrites. 

The radiated nodules so common in the ohalk cliffs, are 
of this kind: their exterior is often of a brown colour, and 
without any metallic lustre ; this is the result of decomposition, 
by which it is converted into hydrous oxyde of iron ; entire 
crystals have sometimes und^'gone this change, and are called 
hepatic pyrites. Both kinds are found in coal, and their decom- 
position occasions the spontaneous combustion that sometimes 
takes place in coal mines^ 

Ignorant perseiiB often persuade themselves that the small 
▼ems and scales of pyrites ia coal, ivicy be. gold ; but gold is 
Hianeable and seotile, qualities wineli do not belong to pyrites^ 

14. Magnetic Ptbitbs is of. a dariwr colour, inclining to 
that of bronse, and is much softer than the other species; 
when crystallized, it assumes ^e fc»in of the hexagonal prism. 
It is not a plentiful suibstance, but has been found in Cornwall* 
Derbyshire, and several otiwr countries. 

* f2 
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15. Arsbnical Ptriteb (Mispikd) is nearly as white as 
8ilver> and hard enough to give sparks with steel, at the same 
time emitting a strong odour of arsenic, of which it contains 
above 40 per cent. It abounds in the tin veins of Cornwall 
and Bohemia, mostly in crystals, which are rhombic prisms 
modified on the angles ; and sometimes embedded in rocks of 
granite and micaschist ; but rarely in the veins which afford 
silver and lead. It is sometimes radiated. 

16. Alabandine (Manganblende ; Sulphuret of Manga- 
nese). In the gold mines ef Transylvania, this ore, which is 
black and metallic, occurs, penetrating or embedded in the 
rose-coloured manganese. Infusible. 

17. MoiiTBDSNiTB. This orc, which is a pure sulphuret of 
molybdenum, occurs in small masses which strongly resemble 
graphite ; but with care they may be separated into thin 
laminae, which are flexible, but not elastic. Sometimes, but 
rarely, it is crystallized in hexagonal plates. 

It has been found in the granite of Cumberland and the tin 
veins of Cornwall, as well as the Alps, Norway, &c. It may 
be distinguished from graphite by dissolving in nitric acid. It 
was thought, in the first instance, to be a native metal, and 
received the name molybdenum from its resemblance to lead. 

18. Galena (Sulphuret of Lead). This may, in general, 
be easily recognised by its crystallizations, and its very perfect 
cleavages, parallel to the faces of a cube, as well as by its pure 
lead-grey colour. 

Its most common forms are figs. 3, 4, PL ; also perfect 
cubes and octahedrons^ and, less often, cubes having the edges 
replaced^ figs. 8, 12. The surface of the crystals is often dull, 
but that of the fracture always brilliant; and it is so brittle 
that cleavages may be obtained by a very slight blow. The 
same crystalline structure prevails where the galena is massive, 
sometimes resembling that of statuary marble : more rarely it 
is fine granular^ or compact with scarcely any lustre. Its spe- 
cific gravity is 7*5 to 7*7. It is easily fused, giving off sul- 
phureous fumes, and affording a globule of lead* 
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Some galena is combined with sulphuret of silver. When 
this is in suificient quantity to render it worth the expense of 
separating the silver, it is called argentiferous galena. This is 
the case in Cornwall and Devon, where several per cent, of 
silver are obtained from the lead. 

In order to know whether galena contains any silver, dissolve 
^ little in nitric acid, and dip into the solution a piece of cop- 
per : the silver, if there be any, will be deposited as a white 
jfnetallic film on the copper. 

There is a singular kind of galena found in Derbyshire, called 
slickensides : it forms a thin coating on the sides of some of the 
veins, having a polished though not always a flat surface, as if 
produced by friction. It is said that if this film be scratched 
it explodes violently ; for which reason, the miners, when they 
discover a mass of slickensides, carefully avoid touching it, till 
they are at some distance, when one of them strikes it with a 
nail fastened to a long pole, and quickly runs out of the way. 

19. BouRNONiTB (Endellion) is a sulphuret of lead, copper, 
and antimony, the former amounting to 40 per cent. It is 
found in some mines in Cornwall, Saxony, and the Hartz, 
in very small crystals, nearly black, which are rectangular 
prisms much modified. 

20. Blbndb (Sulphuret of Zinc; Black Jack of Miners). 
This, when pure, is of a yellow colour, slightly tinged with 
green ; but it is much oftener dark reddish brown, or garnet 
red, and contains some portion of sulphuret of iron* It crys- 
tallizes in the form of the rhomboidal dodecahedron, and very 
perfect cleavages may be obtained parallel to the faces both of 
this solid and of the octahedron. The yellow blende is trans- 
parent, the darker varieties more or less translucent. The 
crystals, both externally and when fractured, have considerable 
brilliancy, but very little metallic lustre : in specimens that are 
not cleavable, the fracture is often waxy, Blende contains 
from 50 to 60 per cent, of zinc, the remainder being sulphur 
and iron; its specific gravity is 4*16. Some varieties become 
phosphorescent by slight friction. 
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Radiated Blende is of a dark brown colour ; it is said to con- 
tain 2 or 3 per cent, of eadmimn, and occurs in nodnles. 

Blende is found prindpally in the same, localities as Galena, 
and often intermixed in the same vein ; but its crystals are 
associated also with the ore of copper, and sometimes of lin. 
It is used in the fabrication of zinc and brass, though it was 
formerly throw& aside as worthless. White vitriol also (suk 
phate of ziBc) may be prepared from it by decomposition. 

21. SuLPHURET OF NicKBL (Hair pyritcs). A rare sub- 
stance, which occurs in some veins of the Bohemian and 
Saxon ulver mines, and also in Cornwall, in littie tufts of 
crystals as fine as hairs, which are of a greenish colour and 
metallic. It is soluble in nitric acid, and the solution becomes 
violet on the addition of ammonia. 

22. NicucBL Glanos (Grey Nickel) is a combination of 
nickel with sulphur and arsenic, which is found in small masses, 
compact or lamellar, at Helsinghmd in Sweden. 

23. SuLPHUBBT OF BiSMUTH (Bismuth glance). This ore 
also occurs in tufb of slender crystals both in Cornwall and 
some other of the localities of the nickel pyrites ; but it may be 
distinguished by its greater fhsibilify, melting even in the Same 
of a candle ; aind when fused by the blowpipe on charcoal, it 
leaves on it a yellow deposit, which is the ozyde of bismuth. 
It contains 81 per cent, of bi«mttth. 

Arffentifercus bismuth ore has been found with fiuor, at 
Baden, in a similar form. 

24. NbsbIiB Obb is a sulphuret of bismuth, lead, and copper, 
of a lead-grey colour and metallic lustre. It occurs pene- 
trating quartz and other earthy matters, in the mines of 
Ekaterinenburg in Siberia, and likewise in the silver mines of 
Bohemia, Saxony, &c. 

25. SuiiPHURBT OP Antimony (Grey Antimony). From 
this ore all the antimony of commerce is obtained. Its lustre 
is shining and perfectly metallic, and it occurs either massive 
or crystallized in rhombic or six-sided prisms, generally ter- 
minated by four planes. It is seldom that more than one 
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teirmination is visible, the crystals being aggregated in diver- 
gent groups: sometimes they are several inches in length: 
very often acicnlar, and even capillary, intersecting each other 
in all directions : one variety, (plumose antimony,) consisting 
of delicate fibres interlaced, resembles /e//. The surface of the 
crystals is sometimes tarnished with brilliant prismatic colours ; 
•otherwise its colour is lead-grey. It is soft and very tender, 
yielding to the pressure of the nail; specific gravity 4*3 to 4*6. 
Cleavable in one direction with ease, and affording thin laminse, 
which are fiexible. 

This mineral is fusible in the fiame of a candle, and when 
exposed to the blowpipe it is entirely volatilized in white 
fdmeSk It contains from 73 to 75 per cent, of antimony, the 
remainder being sulphur. It is distributed through most 
countries of Europe, but there are few in which it is very 
abundant: the most extensive mines are those of Hungary 
and the central part of fVance : it is met with also in Cornwall, 
and has been brought from Borneo. 

^ Antimony is applied to many purposes : one most impor- 
tant use is in the eomposition of type metal, for which it is 
alloyed with lead ; and in forming pewter and Britannia Metal, 
it is combined with tin. Several medicines also are prepara- 
tions of antimony. 

26. Haidinobbite (Berthierite). A sulpfauret of antimony 
containing 15 per cent, of iron and 52 of antimony, which 
occurs in considerable quantity at Chazelle, in Auvergne, in 
masses with a confused lamellar structure. It resembles grey 
antimony ore in its appearance, but by exposure to the blow- 
pipe affords a globule which is attractable by the magnet. 

It has been Worked as an ore of antimony, but abandoned in 
consequence of the difficulty experienced in separating the iron. 

27 and 28. Zinkenitb and Jahbsonitb are Sulphurets of 
antimony with lead. Both have a steel-grey colour ; the former, 
from Wolfsberg, in the Hart^, crystallized in hexagonal prisms, 
or fibrous ; the latter occurring in small rhombic prisms, or 
fibrous, in -Cornwall and Hungary. 



104 COBALT GLANCE* 

Geocroniie, Plagionite, and Baulangerite are all sulphurets of 
antimony and lead, differing only in their proportions. 

Kobellite is a radiated ore consisting of the sulphurets of 
antimony, lead, and bismuth, from Hvena, in Sweden. 

29. SuLPHURST OF CoBALT (Cobalt Pyrites) is a metallic 
mineral of a light grey colour, breaking with a fine granular 
fracture, which has been found massive, and, more rarely, 
crystallized in octahedrons, at Ryddarhytten, in Sweden. Com* 
posed of 43 per cent, of cobalt, 41 of sulphur, and a small 
quantity of copper and iron. 

30. Cobalt Glancb (Cobaldne; Silver White Cobalt). 
Thii^ ore occurs in small distinct crystals, which are white with a 
faint tinge of red, a perfectly metallic lustre, and considerable 
brilliancy. It crystallizes in the same forms as iron pyrites, 
particularly figs. 13, 14, 15. Cobalt glance, however, may be 
distinguished by its colour and greater specific gravity, = 
6*29, and being more brittle. It consists of cobalt 33, sulphur 
20, arsenic 43, iron 2. 

On heating it by the blowpipe, it gives off arsenical fumes, 
which is not the case with the above-named ore : but both 
substances communicate an intense blue to borax or any other 
flux ; this result is characteristic of all the ores of cobalt. It 
may further be distinguished from iron pyrites and arsenical 
pyrites, by giving a rose-coloured solution in nitric acid. 

Cobalt glance is found in greater quantity in Norway and 
Sweden than in any other country, and is there intermixed 
with copper pyrites. From this ore is prepared a great part 
of the smalt and other cobalt blues used in the potteries and 
for other kinds of painting. It is first converted into a sili- 
cated oxyde, called Zaffre, by calcining the ore, in order to 
volatilize both the sulphur and arsenic, and then heating it with 
about twice its weight of flint reduced to a fine powder. In 
this state it is brought to England, where smalt is prepared from 
it, by remelting the Zaffre with a proper quantity of glass, or 
glass and potash : this compound^ while in a state of fusion, is 
poured into cold water, which causes it to break into small 
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angular pieces, like gravel ; this is ground, washed, and sepa- 
rated into smalt of different degrees of fineness. Besides its 
use in painting on porcelain and with oil, a great deal of this 
colour is consumed in giving a blue tinge to paper^ muslin, 
calico, &c. 

Sulphuret of arsenic. 

This is of two kinds : Realgar, containing 69 per cent, of 
arsenic, and Orpiment, which contains only 62 per cent. 

31. Rbaloar (Red orpiment) occurs in small granular 
masses and crystals of a fine crimson red colour, which are 
transparent or translucent, perfectly vitreous and without me- 
tallic lustre. The crystals are derived from an oblique rhombic 
prism and are often complex. It is so soft as to yield to the 
nail, and is brittle. Specific gravity 3*3 to 3*6. 

Realgar is wholly volatilized by the blowpipe, a circumstance 
in which it difiers from the red silver ores ; while the arsenical 
fumes produced by the operation distinguish it from cinnabar : 
it differs from cinnabar likewise in colour; for when pulverized 
it appears orange-red, while cinnabar is of pure crimson. 

Realgar is found most abundantly in the silver mines of 
Hungaria, Bohemia, and the Hartz; sometimes with native 
arsenic : and it is met with in smaller quantity in the craters of 
volcanoes and the solfataras in their vicinity, where it is often 
intermixed with the following species. 

32. Orpiment. This is very different in appearance from 
realgar : it is very rarely crystallized, but generally in lamellar 
masses of a brilliant lemon or golden colour : the laminae are 
easily separated, and have somewhat of the pearly lustre of 
talc. The texture is sometimes compact or earthy. Its hard- 
ness, specific gravity, and chemical characters are nearly the 
same as those of realgar. The finest specimens of orpiment 
come from Persia, and require no other preparation than grind- 
ing, to be used as a pigment ; it is also prepared in Saxony, 
artificially : but this has not so fine a colour as the native orpi- 
ment. Realgar also is sometimes .used in painting, but unfor« 
tunately it is not a permanent colour. 

F 5 
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Genus III. Oxydes of Sulphur. 

1. SuLPHUMc Acip (Oil of Vitriol). 

2. Sulphurous Acid. 

These are both produced by the combustion of sulphur in 
volcanic regions. They escape from the earth in the form of 
vapoar, which is quiddy absorbed by the pools and streams in 
the vicinity, and thus produce the acidulous waters which are 
fKonetimes found in aubterranean cavities, such as the Grotto 
of Santa Fiora» in Tuscany, and the caverns of the Isle of 
Milo. 

Sulphurous acid is recognised by its suffocating odour, re- 
tembling burning sulphur : the same effect will be perceived 
from sulphuric acid by immersing charcoal in it and heating it. 

The composition of sulphurous acid is sulphur 50*14, oxygen 
49*86; of fiulphuiic acid, sulphur 40*14, and oxygen 59*86. 

Genus IV. Sulphates. 

These sales, with very few exceptions^ are transparent^ crys^ 
tallme aubstanees^ and the greater part of them are soluble in 
water. 

I. Alum. The alum of commerce is a weU-known sub- 

ff 

stance which may be obtained crystallized in octahedrons, either 
simple or with the angles, and less often the edges^ replaced: 
but in nature erystallized alum is rare. It occurs most fre- 
quently as an eiSOkiresoence, or in silky fibrous masses. At 
Whitby, in Yorkshire, and near Paisley^ the slate rocks are 
quarried for the purpose of obtaining the alum from them ; 
this is done likewise in France, Germany, and other countries. 
The common alum of the shops consists of sulphate of ala- 
mina, sulphate of potash, and water; but native alum contains, 
more frequently, iron instead of potash, and has somewhat of 
the inky tasfte of the pure sulphate of iron : this kind is some^ 
times called fmiher aktm or plumoee alum, from its form : it is 
•generally of a yellowish colour. There is also feather alun^, 
which contains no other salt than the sulphate of alumina. 
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Soda alum has been observed in the hshe of Milo (tnd in 
South America. 

Magnesia alum Ukewise occurs in the latter country^ in con- 
siderable masses, fibrous and Bilky. 

Arnmonia alum is found in Bohemia. 

2. Alumstone (Aluminite; Alnmite). This mineral di^rs 
a good deal from alam, being insoluble in water^ and nearly as 
hard as felspar. It exists in large masses in Himgary, at 
Tolfa (near Rome)> and in some other localities, generally com- 
pact, and \dth groups of small crystals in the cavities. These 
are obtuse rhombohedrons, transparent, or nearly so; and 
colourless, greyish, or reddish. 

It may be dissolved in sulphuric acid : scHne varieties contain 
a good defd of silica ; and that in Hungary is so hard as to be 
used for millstones. But its chief use is in the production of 
alum, which is obtained by calcining, and tkeai exposing it to 
the air, moistening it frequmitly with water. Alumstone con- 
tains less acid than alum. 

Webiterite, a white, earthy, insoluble fiubstanee, is another 
sulphate of alumina, which has been found at Newhaven in 
Sussex, and Halle in Saxony. Distinguished from chalk by 
not eflfervescing with acid. 

3. Epsom Salt (Epsomite; Sulphate of Magnesia; Sel 
d'Angleterre ; Sel de Sedlitz). Few persons are unacquainted 
with the strong bitter taste of this salt, which imparts the 
same quality to sea water. It is most abundant in the vmter 
of some springs, and received two of its names Irom one long, 
celebrated at Epsom in Surrey, and another at, Sedlitz in 
Bohemia. 

It occurs also, as an efflorescence, on some voluminous 
schists of Savoy, and in the earth of numerous caves in the 
Western States of Nofth America. In the famous mammoth 
cave of Kentucky, it adheres to the roof in loose masses as 
white as snow. 

4. Cblestine (Strontian Spar) is the sulphate of Strontia. 
It is generally crystallized or lamellar, rarely granular or com- 
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pact. The primary form is a right rhomhic prism, obtuse 
angle 104° Z(y ; bat the larger faces of most No. 56. 
crystals are secondary. It is transparent 
or translucent; sometimes colourless* but 
more frequently a very pale blue, whence it 
received the name of celestine ; and occasion- 
ally flesh red. In its appearance it resembles some of the 
zeolites, but may be distinguished by inferior hardness, and 
higher specific gravity = 3*9 or 4, and by tinging the flame 
red when fused by the blowpipe. Composition, sulphuric acid 
43-64, strontia 56*36. 

The finest crystallized specimens are brought from Sicily, 
where it occurs in brilliant divergent groups, with sulphur : it 
is not common in Great Britain, but nodules are found in 
cavities in basalt and amygdaloidal rocks, as at Calton Hill^ 
near Edinburgh ; and in red clay near Bristol ; most of these 
are lamellar, but some, fibrous or compact. 

5. Hbavyspar (Barytine ; Sulphate of baryta). . This is a 
more abundant mineral than the preced- No. 57. 



ing: the crystals are most commonly y— -?^ 

tabular, presenting numerous modifica- ^ ^ ->^^ 

tions, and often of a very large size : they 
are derived from a prism differing very little from that of 
celestine. It is either colourless or, from an intermixture of 
ochry clay, brownish yellow or red ; sometimes also grey, and 
even black. Fibrous varieties are often dark brown and 
opaque ; when earthy it is white and opaque, resembling chalk* 
The specific gravity of heavy spar is 4*7 ; hardness generally 
above that of calcspar. 

If sulphate of bar3rta, after being calcined, be exposed to 
the sun's rays, and then taken into a dark room, it emits a 
reddish phosphorescent light ; this property was first observed 
in some radiated groups of crystals from Bologna, whence that 
variety received the name of Bologna spar : and the calcined 
substance, powdered and made into small blocks with gum 
water, was sold under the name of Bologna phosphorus. 
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Fine crystallized specimeDS are obtained from the Camber- 
land lead mines, and the mines of Saxony ai^ the Hartz ; also 
from the fuller's earth pits in Surrey. 

Hepatite is a variety found in the silver mines of Konigsberg, 
which, when rubbed or heated, emits a foetid smell. 

Cawk is a name given by the Derbyshire miners to the mas- 
sive, white, earthy kind. 

Heavy spar is used to adulterate the white lead used in paint- 
ing; and for the preparation of barytic salts for chemical 
experiments. 

Sulphate of Lime. 

Of this there are two species : the one containing water ; the 
other, anhydrous. 

' 6. Gtpsum (Selenite; Flasterstone ; Alabaster). This spe- 
cies presents considerable variety in its appearance, but its 
essential characters are generally the same. Its crystalliza- 
tions are derived from a right rhomboidal prism : specific gra- 
vity 2*32 : hardness not exceeding % and most varieties yield 
to the pressure of the nail: before the blowpipe, the most 
transparent crystals immediately become opaque, exfoliate, and 
are easily crumbled: and all varieties after being calcined, 
when reduced to powder and mixed with water, harden iti 
drying into a solid mass. 

Selenite* is crystallized g3rpsum; the 
cr}'stals are generally tabular with be- 
velled edges ; sometimes maded, forming 
what is called the arrowhead crystal : these 
are often very large and of a deep brown- 
ish yellow; otherwise, selenite is gene- 
rally colourless, transparent, and of a 
pearly lustre, somewhat resembling stil- 
bite at first sight: but they are easily 
distinguished by the great difiFerence of 
their hardness. 

Selenite may be cleaved with great 

* Selene, 6r., the same of the moon. 
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«BBe, parallel to the broader faces of the crystalsy and-afibrds 
thin plates as trmsparent as giios : the Ramans are said to 
have covered' their greenhouses mth lanmue of selenite, befwe 
the art of glass-making was understood ; and imported it for this 
purpose from the Isle of Cyprus, Spain, and even Africa. 
Fine groups of transparent crjntals are brought from, the 
valley of Bex, in Switzerland. 

Alabaster, We have already spoken of a carbesu^ of lime 
which is sometimes so named;* but ^e term is now move 
generally applied to the granular variety of gypsum. 

The ancients gave the name alabastron originally to small 
vessels of white stone and peculiar form, that were manu&c- 
tured at the town of Alabastron, in Egypt ; but afterwards the 
term was applied to others of a similar form, or that were 
applied to a similar purpose, such as holding ointments or 
perfumes .f 

The modem alabaster is the substanoe so •eztennvely used 
for carving small statues, groups of figures and animak ; and 
boxes and vases, which are turned in a lathe : for these pur- 
poses it is admirably adapted by its brilliant whiteness, tntnslu- 
cency, and softness. The best, in point of whiteness and 
evenness of texture, is quarried near Volterra, in Tusemy. 
Granular gypsum forms considerable beds in several countries, 
often associated with beds of rock salt, as in Cheshire ; and is 
frequently tinged and veined wiHi red or grey. This sort is 
extensively quarried at Chellaston, near Nottingham, and is 
burnt for plaster of Paris. The gypsum of Montmartre, near 
Paris, contains 7 or 8 per cent, of carbonate of lime, cmd Ib 
used generally for plaster in the construction of buildings, 
which is said to be superior to any other : the masses of crys- 
talline gypsum which are found embedded in it, are prepared 
as fine plaster for modellers. 

* See p. 83. 

t In tbe Gospel of St. Luke, chap. vii. v. 37, we find mention of this i 

*^ And, behold, a woman of the city brought an alabaster box of 

ointment.'* 
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jFtbroua gypsum is somethDes called satin spar ; but it differs 
from the carbonate of line so named, not only in much greater 
softness ; it is more translucent, and liie slender eolunms of 
which it consists are generally very straight. 

The analyses of gypsum show it to contain, when pure, sul- 
phuric Hcid 46, lime dd, water 21. 

7. Anhydrous Gypsum (Munadte ; Vulpinite; Bardi- 
glibne; Cubespar; Anhydrite). This species is much harder 
than the preceding, scratching oalcspar wi& ease. The gra- 
nular kind, which is nearly compact, has much the appear- 
ance of marble^ but is more translueent, and is cut into slabs 
for the same purposes, under the names of Marmo di Bar- 
diglio and Vulpinite, from the names of the places where it is 
quarried. 

Ifheriacite is a name gfv«n to the crystalliaed varieties, be- 
cause they were sometimes found to contain traces of 4udt 
(muriate of soda). The crystals are rectangular prisms, gene- 
rally modified by several planes on the edges, and yield readily 
to cleavage. Specific gravity 2^5 to 2*9. 

8. Glaubbritx. Small crystals of tiiis substance are diflse* 
minated in the rook salt and saliferous clay of Villa Rnbia in 
Toledo : they are very oblique prisms, rather flat, with sharp 
edges. Glauberite consists of 51 per cent, of glauber salt, and 
49 of sulphate of lime, and is partly soluble, the sulphate of 
lime forming a sediment. 

Polyhdlke,* so named from the numeroiK salte it was found 
to contain, is of a brick-red colour, and coarsely fibrous, with a 
bitter taste : it consists of the sulphates of lime, potash, and 
magnesia, and occurs at Ischel in Austria. 

9. Glauber salt (Sulphate of Soda). This is found as an 
efflorescence in some parts of Austria and Tyrol, and around 
some lakes in Siberia, in the water of which it is dissolved. It 
has a bitter taste, producing at the same time a sensation of 
coolness in the mouth. It consists of sulphate of soda 79*8 
and water 20*2. 

* PoAft many, and ^ofw mH. 
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Thenardite is an anhydrous sulphate of soda« obtained from 
Espartines, near Madrid. 

10. Sal Foltcrbst (Sulphate of Potash). A soluble salt 
of rare occurrence, which sometimes forms a thin crust on lava; 
taste, bitter and saline. 

11. Mascagninb (Sulphate of Ammonia) is characterised 
by a pungent, bitter taste. It occurs in the form of a mealy 
coating, generally of a yellow colour, on the recent lavas of 
Etna and Vesuvius. When dissolved, the smell of ammonia is 
perceptible. 

12. Sulphate op Iron (Green Copperas; Green Vitriol; 
Melanterite). This salt, which is of a sea-green colour, occurs 
in most localittes where iron pyrites is abundant, particularly 
the fMte pyrites ; and is often dissolved in subterranean pools 
and streams of water. When crystallized, it takes the form of 
oblique rhombic prisms. 

It may generally be recognised by its inky taste, and by 
producing a black colour if a drop of tincture of nut-galls be 
added to a solution of it, or even a drop of strong tea ; or, by 
adding a drop of prussiate of potash, a bright blue will be 
obtained, which is prussian blue. It contains 45 per cent, of 
water. 

Coquimbite is another sulphate of iron, which is found in 
great abundance in South America : near Copiapo, in Chili, it 
occurs in beds and veins ; and in Bolivia it forms part of a hill. 
It is colourless, brown, yellow, red, or blue, and has a granular 
or crystalline structure. 

There are some other sulphates of iron, differing somewhat 
in their composition from these, but all soluble, and affordioig 
the same results with the tests above mentioned. 

13. Sulphate of Copper (Cyanose; Blue vitriol). Like^ 
the other soluble metallic salts, this is rarely found crystallized ; 
but is abundant in some localities, dissolved in. water. The 
Parys copper mine in Anglesea, was discovered in consequence 
of the water being so strongly impregnated with this salt. 
Both here and at Wicklow, the copper is obtained by immers- 
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ing bars or any thin pieces of iron in the liquid : after some 
months, when taken up, they appear to be converted into 
copper ; the iron being in great part dissolved, and replaced by 
a deposition of metallic copper. When crystallized artificially 
it has a fine blue colour, is semi-transparent, vitreous, and very 
brittle. 

Brochantite is a sulphate of copper, of a bluish-green colour, 
insoluble in water, which has been found in Siberia. 

14. SuLPHATB OF ZiNC (White vitriol ; Rockbutter). A 
white soluble salt which is produced by the decomposition of 
blende, and principally in those parts of mines which have been 
abandoned. Its taste is nauseous and styptic. When dissolved 
in water, if a small quantity of potash be added, a white gela- 
tinous precipitate takes place. It is a substance much used in 
dying and in medicine, but is prepared artificially. 

15. Sulphate op Cobalt (Cobalt vitriol ; Red vitriol). A 
soluble salt, distinguished by its red colour. It arises from 
natural decomposition of the sulphurets of cobalt, and is some- 
times found to be dissolved in the water in mines where it 
occurs : this may be detected by adding any alkali to the solu- 
tion, when the liquid wiU become blue. 

16. Sulphate op Lead (Anglesite). The crystals of this 
mineral are generally rectangular octahedrons, variously modi- 
fied, and cleavable parallel to the faces of a prism, very nearly 
the same as that of celestine. In its specific gravity, which is 
6*2 to 6*3, and in its general appearance, it resembles the car- 
bonate of lead, but is rather softer and less brilliant, and x^ay 
always be distinguished from it by not efiervescing with any 
acid. 

Sulphate of lead was first discovered in Anglesea, on cellular 
i^uartz : the best specimens are now obtained from Leadhills in 
Scotland, Baden, and Siberia. 

Cupreous sulphate of lead of a light blue colour has been 
found in small quantity at Leadhills: it is coloured by the 
copper it contains. 

17. SoLPHATE OF (Jraniusc. At Joachimsthal, in Bohemia^ 
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an earthy yellow substance has been observed^ soluble in acids, 
and giving off water by calcination^ which is the sulphate of 
uranium. 

In the same locality, a green sulphate occurs, which contains 
copper as well as uranium, and is soluble iu waler. 



Familt VI. — Chkoridbs. 
Genus I. Chlokubets. 
1. Muriatic or Hydrochloric Acid is a compound of 
chlorine with hydrogen. It is often disengaged by volcanoes 
during eruptions, and particularly by Vesuvius, where it is pro- 
duced in such abundance that, uniting with aqueous vapour, 
and becoming condensed, it forms pools and rivulets of liquid 
acid. It has a strong and pungent odour. 

2. Rock Salt (Common Salt; errmKously, Muriate of 
Soda). This important substance is very dumdant in nature. 
It has a perfectly crystalline structure, end may be easily sepa- 
rated by cleavage into cubes. It occurs also in groups of 
cubic crystals, which are seldom modified : it is rarely fibrous. 
Transparent salt is generally colourless ; but it sometimes has 
a tinge of blue, violet, or rose colour. When stained by the 
intermixture of the clay which often lies above it, it has a dirty 
red colour. It consists of chlorine and sodium. 

Extensive beds of salt exist in many countries, particularly 
Poland and Hungary. The mine of Wielitzka, near Cracow, 
has been worked ever since 1251. There are three distinct 
beds of salt, of which the uppermost is 200 feet below the sur- 
face; and the lower one about 800. The salt is extracted 
chiefly from the lower bed, which is much purer than the 
others. The excavations extend over a distance nearly two 
leagues and a half in length; and consist of gaUeiies and 
chambers of immense height, their roof supported by pillars of 
salt left for that purpose. There are also three chapels in 
various parts of the mine, where, on certain days, mass is per- 
formed; all the altars, statues, and other ornaments being 
carvdL in salt. 
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Salt, in some countries, forms considerable hills above the 
surface of the gxomid, as in Spain, where the town of Cardona 
stands at the foot of a rock of salt above 300 feet high. It is 
quarried out in the manner of building-stone, and is so pure 
that it requires only to be crushed to powder. In Moldavia, 
Persia, Afghanistan, and the North of Africa there are similar 
hills, which appear to be generally on the borders of extensive 
desert plains. ' 

The springs which issue from saline strata afford, in many 
countries, large quantities of salt, as at Droitwich, in Cheshire; 
Dieuze and Chateau Salins, in France ; Schonbedc, in M^de- 
burg, &c. The greater part of the salt made in the United 
States is obtained in this manner. 

Salt lakes also are numerous in several parts of the world ; 
and the earth around them is generally impregnated with salt, 
which in the dry season appears on Jthe surface in the form of 
an efflorescence. 

3. Sal Ammoniac (Salmiac). A soluble salt characterised 
by its sharp saline taste : it occurs in volcanic regions, in the 
form of a whitish crust or efflorescence ; sometimes, but rarely, 
crystallized in octahedrons. It consists of chlorine and am- 
monia, and before the blowpipe is entirely volatilized. 

4. Stlvine, the chloride of potassium, has been observed in 
the salt mines of Salzburg. 

5 and 6. Chlorurbt of Calcium and of Magnbsium 
exist in the water of the seas and of salt lakes, with common 
salt. 

7. HoBN Mebcury (Chloruret of Mercury). This is the 
same substance as calomel, and occurs in small quantity in some 
quicksilver mines, either in small mammellated masses, or mo- 
dified square pnsms, which are transparent, with an adaman- 
tine lustre. It is soft and waxy in its texture ; specific gravity 
6*5 ; and before the blowpipe is entirely volatilized. 

Horn Silver (Corneous Silver Ore; Kerargyre). This 
mineral is very similar in appearance to the last species ; but 
jJie crystals^ which are extremely rare>. are cubes, either simple 
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or with the angles truncated. It forms small irregular masses 
of a grey or brownish colour, or occurs as a thin crust on other 
ores. It is translucent, soft, and sectile, with a specific gravity 
of about 5. 

In the European silver mines it is rarely met with ; bat in 
fiome parts of Mexico and Peru it forms a large portion of the 
ores called pacos and colorados, in which it is mixed with earthy 
oxyde of iron, and penetrated by numerous fine threads of 
metallic silver. 

9. Ceracitb (Chloruret of Lead ; erroneously. Muriate of 
Lea(]). A scarce mineral, first discovered in the Mendip hills; 
white or yellowish, nearly opaque and somewhat pearly ; spe- 
cific g^vity 7. 

10. Corneous Lead Ore (Chloro-carbonate of Lead). A 
transparent mineral, crystallizing in square prisms, with adaman- 
tine lustre, which has been found near Matlock and in Germany. 
Both this and the preceding species are rare; reducible with 
soda by the blowpipe, 

11. At AC AMITE (Chloruret of Copper). In the desert of 
Atacama, between Chili and Peru, this substance is found in 
the form of a dark green sand: the grains are crystallized 
more or less perfectly in rhombic prisms ; and some are very 
brilliant and transparent. In Chili it is ground up and sold as 
sand for letters, under the name of arsenilio. More recentlv it 
has been found in Saxony, massive. 



Family VII. — Iodides. 

Iodine, which is a simple substance or element, is not found 
tincombined. When obtained by art, it appears in the form of 
black shining particles resembling plumbago, which, when 
heated in a closed tube, volatiUze and become an amethyst- 
coloured vapour. 

Iodine exists in combination with potassium and sodium, in 
the water of some mineral springs, as at Asbby-de-la-Zouch. 

Iodide of Mercury, of a brownish-red colour, has been ob- 
served with some other Mexican ores. When prepared artifi* 
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daily, and free from all impurity, it forms a red pigment, far 
more brilliant than the common vermilion, bat less permanent. 

Iodide of silver, also, has been brought from Mexico ; of a 
yellowish- white colour, and lamellar. 

Iodide of zinc, from Silesia. 



Family VIII. — Bromides. 

Bromine, which, when obtsdned alone^ is a dark brown 
liquid, is contained in some mineral springs, and in the water of 
the lak^ Asphaltites. 

Family IX. — Fluorides. 

The combinations of fluorine are few in number, and, except- 
ing fluate of lime, are rare substances. 

1 . Fluorspar (Fluate of lime ; Fluoride of Calcium ; Fluo- 
rite ', Fluorine ; Derbyshire spar). This mineral is widely dis- 
tributed in nature, and oflfers considerable variety and beauty 
in its appearance. 

Its colours are generally bright ; the crystallized fluor of 
Durham and Yorkshire is most frequently violet with a tinge 
of pale green, and perfectly transparent : in Derbyshire, speci- 
mens have been raised of a fine clear topaz yellow, and also 
colourless, often enclosing minute particles of copper pyrites, a 
mineral which is very often found with it : the radiated fluor 
from the same neighbourhood is generally amethyst, or deep 
indigo blue. In Cornwall, and likewise in Saxony, fluorspar 
of a bright green colour is often the chief veinstone of the 
copper ores : it is seldom light blue or rose-coloured. 

Fluor is crystallized most commonly in cubes, either simple,. 
or with the edges bevelled, or with a very low pyramid on 
each face (figs. 1 and 12). Its cleavages, however, are 
parallel to the faces of the regular octahedron, which must, 
therefore, be regarded as its primary form, though octahedral 
crystals rarely occur. 

The specific gravity of fluorspar is 3*1 or 3*2; hardness 4, 
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scratching calcspar with ease. When moderately heated, it 
becomes phosphorescent ; some varieties shining with a parple, 
oth^s with a blue, yellowish, or green light. CMorophans is a 
name given to a kind that, wh^ heated, exhibits a brillmnt 
green colour ; this variety is found in Saxony. 

Fluorspar may be dissolved in sulphuric acid ; by this pro- 
cess, the fluorine is disengaged ; a gaseous acid which has the 
power of corroding glass, and even siliceous stones. 

Massive fluor with a coarsely fibrous or columnar structure, 
is abundant in Derbyshire ; this is the kind chiefly used for 
making vases and other ornamental objects: it is generally 
turned in a lathe ; but great care is requisite, on account of its 
brittleness. 

The colours of this are sometimes rendered more bnUiant 
by heating the fluor. It has so much resemblance both in 
colour and structure to some varieties of amethyst, that these 
vases have often been sold under the denomination, root of 
amethyst: and it is conjectured that the celebrated Murriiine 
vases of antiquity were formed of the same substance. 

Blue John is a name given by the Derbyshire miners to mas- 
sive fluor of an intense blue, which becomes violet when mode- 
rately heated. 

2. Crtolitb. This mineral, which has hitherto been found 
in Greenland, is generally of a pure white colour, translucent, 
and cleavable into rectangular prisms : it is characterised by 
melting in the flame of a candle.* It is a fluate of alumina 
and soda. 

3. Fluatb op Cbrium (Flucerine). A rare mineral whidi 
occurs at Brodbo in Sweden, in small irregular masses of a 
pale violet colour, opaque, and with very little lustre. Consists 
of Fluoric acid and Cerium. 

Basicerine, which contains a larger proportion of cerium, is 
of a yellowish colour and crystalline structure. 

4. Yttrocbmtb is another combination of cerium and fluoric 
acid with yttria and lime : its colour is grey, reddish, or violet; 

*■ Its name is derived from irw)$f ice, in allusion to this property. 
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texture compact ; scratches fluorspar. This also occurs only 
in Sweden. 

Family X. — ^Selknides. 

Selenium, which resembles sulphur in some of its properties, 
is found in combination with a very small number of metals : 
they all have a metalhc lustre ; and are characterised by emit- 
ting, when heated, a strong smell of hore-radish. 

Clausthalite, the seleniuret of lead, is very much like galena : 
it occurs at Clausthal, in the Hartz. 

A variety, of a yellowish colour, contains also copper. 

JSukairite, composed of selenium, silver, and copper, is found 
disseminated in the calcareous rocks of Smoland, in Sweden. 

Seleniuret of silver and of zinc are said to have been found 
in very small quantity in Mexico, All these minerals are very 
rare. 

Family XI. — ^Tblluridss. 

Tellurium occurs in the native state, and alloyed with other 
metals. 

Nativb Tbllurittm has a lamellar or granular structure 
and metallic lustre^ It is white or very pale grey, and is said 
to be sometimes crystallized in hexagonal prisms. It is easily 
fused» and volatilized by the blowpipe, and differs from arsenic 
and selenium in emitting no odour when heated. When pure, 
its specific gravity is 6*1, but it often contains a small quantity 
of other metals. 

Tellurium is found chiefly in Transylvania, where also most 
of its combinations occur, in little veins dispersed through the 
earthy depositories of galena, red silver ore, gold, &c. 

Tbllururbts. 
1. Graphic Tbllitrivm (Graphic Gold; Sylvan). The 
crystals of this alloy, when per&ct, are prisms of four or six 
sides, modified by smaller planes ; hut they are always small, 
often adcular, and grouped together so as to present a resem- 
blance to some oriental written characters. 
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It is obtuned at Nag-y-ag and at Offenbanya, where it is 
worked as an ore of gold, of which it contains 30 per cent.^ with 
10 of silver, and 60 of tellurium. When fused by the blow- 
pipe, the tellurium is volatilized^ and a small globule of a pale 
yellow colour remains, which is a mixture of gold and silver. 

2. Telluric Silvbr (White Tellurium; Mullerine). This 
likewise contains both gold and silver ; of the former 26 per 
cent. ; but they are combined with lead as well as tellurium : 
crystals, which are very rare, are modified rectangular laminae. 

This, like the preceding Graphic species, is sought for as a 
gold ore. 

3. Tellururet of Lead (Black Tellurium ; Elasmose) oc- 
curs in small lamellar crystals heaped confusedly together ; it 
is of a dark grey colour, and is often accompanied by the rose 
manganese of Nag-y-ag. 

It contains a few per cent, of gold. 



Family XII. — Phosphorides. 
The natural combinations of phosphorus are phosphates; 
the phosphoric acid is found combined with several of the 
earths, and the oxydes of some other metals. 

Phosphates. 
1. Apatite (Phosphate of lime ; Phosphorite). This mine- 
ral so strongly resembles, in its appearance, several others, that 
it received its name from the Greek word 
apatao, I deceive. It crystallizes in hexago- 
nal prisms, which are sometimes modified on 

"* to—— 

the edges or the angles, or on both. The 

crystals are vitreous, transparent or translu- 
cent, and sometimes very bright: those which 
are of a bluish or green colour might easily be mistaken^ at 
first sight, for beryls : some are colourless^ violet, or lilac, and, 
if not distinctly crystallized, appear extremely like fluorspar* 
Apatite, however, is harder than fluorspar, and is not cleavable^ 
but breaks with a conchoidal fracture : on the other hand, it i& 
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less ha^d than beryl, being No, 5 in the scale of hardness, and 
heavier; specific gravity 3*1 : it is soluble in nitric acid; and 
becomes phosphorescent when heated. 

Asparagus stone is apatite of a greenish yellow colour, from 
Tyrol, where the crystals are embedded in talc* 

Moroxite is a name given to bluish-green crystals from 
Arendahl, in Norway, 

Phosphorite is opaque, and white or yellowish white : when 
broken it shows a sort of feathery structure,, and numerous 
small cavities. This variety is massive» and at Logrosso, in 
Estramadura^ forms entire hills ; it is there used as a building 
stone.r In Hungary, phosphorite occurs of a loose earthy 
texture. 

Apatite is a scarce mineral in England: small crystals have 
been found in decomposing granite near St. Austle, in Corn- 
wall ; and fine groups of a larger size, with tourmalines, near 

Chudleigh, Devonshire » Fine specimens are obtained from 
the metalliferous veins of Bohemia,. Moravia^ and Saxopy, and 
from the rocks of St. Gothard. 

2. Wavellits (Hydrargillite) occurs in small globular or 

semi-globular masses^ seldom exceeding half or three quarters 

of an inch in width, attached to 

the surface of slate and other 

rocks. They consist of minute 

crystals diverging from a centre, 

and when broken exhibit this 

radiated structure and a bright 

glassy lustre. The colour is most 

frequently greyish or greenish white, but it has been found in 

Scotland of a dark green colour, 

Wavellite is a phosphate of alumina combined with water 

and a very small quantity of the fluate of alumina. It was first 

discovered near Barnstaple, in Devonshire, by Dr. Wavel, and 

it occurs in a similar situation at Dumbarton, and near Cork. 

It is found also at Freiberg in Saxony, in Bavaria, and at 

several places in the United States. 
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3. Blubspar (Azurite; Klaprothine). This mineral has 
been confounded with lapis lazuli, but the blue cdour inclines 
less to purple ; its specific gravity is 3, and it is infusible, losing 
its colour, however, before the blowpipe. It is a phosphate of 
alumina and magnesia, and is found prindpaUy in Styria, em- 
bedded in n^icaceous and quartz rocks. 

The Turquoise, to which fieishion has attached so high a value, 
appears to be nearly the same substance in composition as blue- 
spar, except 'that it contains a very small quantity c^ copper, to 
which it owes its greenish blue colour. It occurs in small re- 
niform masses, embedded in veins which traverse a mountain- 
ous district of Khorassan, near Nishapur and Firozkuh ; also 
in rolled pebbles.* 

4. Wagnbritb, a fluo-phosphate of magnesia, occurs at 
Salzburg, in yellowish or greyish white oblique prisms : about 
as hard as apatite : rare. 

Phosphates of Iron. 

5. ViviANiTB. When crystallized it is perfectly transpa- 
rent, vitreous, or somewhat pearly, and of a deep blue colour. 

The crystals are oblique prisms, variously modified, and 
easily cleavable in one direction, parallel to their axis. It is 
tender, and scratched with ease by calcspar ; specific gravity 
2*66. It sometimes forms radiated nodules, and occurs also in 
opaque earthy masses, resembling lumps of common indigo. 

Vivianite consists of phosphoric acid 31 '18, protoxyde of 
iron 41 '23, and water 27*49. When pulverized, it may be 
fused into a scoria attractable by the magnet. 

This mineral was first discovered in Cornwall, and has since 
been found at Bodenmais in Bavaria, in Transylvania, and the 
United States. 

* In the South of France, and some other countries, semi-fosail ivoiy 
and bones are found, coloured by phosphate of iron, which resemble the 
oriental turquoise in colour and hardness : but when burnt, they exhale a 
foetid smell of animal matter, and are said to lose their colour by exposure 
to damp. This is called by jewellers turquoise de wmveUe roche,' the 
other, iurguoiae de vieille roche. 
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Anglaritei of a leek-green colour, contains less phosphoric 
acid than vivianite ; it has been observed at Limoges. 

K^oxene,?k phosphate of iron with alumina and silica, ife a 
mineral of a bright straw-yellow colour, which occurs in radiated 
tufts of silky fibres in iron ore, in Bohemia. 

THphylline, TMplite, and Hnreaulite are phosphates of iron 
and manganese, which are disseminated in small crystals in the 
rocks of Limousin. 

6. pHospHAtB OP Copper. There are two kinds of this 
mineral ; one has been found in Cornwall and at Libethen (in 
Hungary), in small crystals of an intense green colour, which 
are rectangular octahedrons; they are generally bright, and 
sometimes quite black externally, but the powder is a clear 
bright green. 

Pseudomalachite, the phosphate of Rheinbreitherch, has the 
same dark green colour ; but it forms radiated masses, and in- 
crustations of slender prismatic crystals, closely pressed to- 
gether. Both afford water by calcination. 

7. Pyromorphitb (Phosphate of lead). A beautiful mineral 
which occurs in the lead mines of various countries, though not 
abundantly. Its colour varies from bright grass-green to yel- 
low, orange, brown, and sometimes a dull violet. It occurs in 
clusters of hexagonal prisms, occasionally terminated at each 
end by alow pyramid, or modified as No. 58, p. 120; or as 
an incrustation resembling moss. The crystals have generally 
a greasy lustre, but are sometimes very brilliant, and mostly 
translucent ; specific gravity 7. 

Pyromorphite undergoes a change by fusion, which is pecu- 
liar to it : the melted globule in cooling becomes angular, and 
assumes a polyhedral form. 

Most specimens contain 9 or 10 per cent, of the chloruret of 
lead; sometimes, arseniate; and those of an orange colour, 
some chromate of lead. Fine specimens are obtained from the 
lead mines of Durham, of Leadhills, Brittany, the Hartz and 
other European localities ; besides several places in the United 
States, particularly the Perkiomen lead mine near Philadelphia. 

g2 
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8. Uranitb (Phosphate of Uranium; Uran mica). The 
lamellar structure of this mineral, somewhat resembling mica, 
joined to its brilliant yellow or green colour^ distinguishes it 
from all others. When crystallized, it appears in square or 
octagonal tables, sometimes modified by narrow planes on the 
edges of the base. The yellow uranite consists of phosphate of 
uranium and lime, with 15 per cent, of water : in the green 
uranite (Chalkolite), of which splendid specimens are obtained 
from some of the tin and copper mines of Cornwall, the lime is 
replaced by copper : it is found also in Saxony and Bohemia. 



Family XIII, — Arsenides. 

Arsenic is found in the metallic state, both alone and form- 
ing alloys, which are araeniurets; its oxyde, also, producing 
several arseniates ; but the greater part of all these species are 
scarce and unimportant substances. 

Genus I. Arsenic 

When freshly broken, arsenic is nearly white, with a bright 
metallic lustre ; but after being exposed for a short time to 
the air it becomes very dark grey, in consequence of tarnishing. 
It is brittle, and when struck produces a ringing sound. It is 
almost entirely volatile by heat, giving off a strong odour of 
garlic. 

Native arsenic is found in many of the localities of nickel and 
cobalt ores ; and in Norway crystallized beryls are sometimes 
embedded in it. 

Genus II. Arseniursts. 

1. Smaltine (Tin white Cobalt; Arsenical cobalt). Its 
crystallizations are the same as those of Galena, and do not 
exhibit the dodecahedral modifications of cobalt glance, from 
which it is further distinguished by its pale grey colour : the 
faces of the crystals are generally convex and intersected by 
irregular cracks ; it is also massive, and reticulated. 

It consists essentially of arsenic and cobalt, the quantity of the 
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latter varying from 1 8 to 26 per cent. A great part of the smalt 
of commerce is manufactured from this ore, which is obtained 
abundantly in Saxony and Bohemia ; it is met with also in 
several other parts of Europe, but in less quantity. 

2. KupPBRNiCKEL (Arsenical Nickel). A metallic substance 
of a reddish colour and rather brittle, which is found in manv 
of the localities of the cobalt ores. Its solution in nitric acid 
is green, but becomes violet blue by the addition of ammonia. 
Specific gravity 7 to 7*6. 

From this ore is obtained the nickel used for chemical pre- 
parations, and in the different alloys called German silver and 
nickel silver; some of these contain 25 per cent, of nickel, 
combined with zinc and copper. The white copper of the 
Chinese is a similar alloy, containing 31 per cent, of nickel. 

3. Arsenical Silver is distinguished from native silver by 
its brittleness, and the arsenical fumes when heated : it occurs 
in the Hartz. 

4 and 5. Arsenical Antimony occurs in the Dauphin^ and 
the Hartz: Arsenical Bismuth, in the silver mines of 
Schneeberg : both are rare. 

Genus III. Oxtde of Arsenic. 

White Arsenic (Arsenious acid; Arsenic bloom). This 
is the same substance as the arsenic of the shops, and is found 
either in the form of a white powder, or in small compact 
masses (very rarely) crystallized in octahedrons and tetrahe- 
drons. 

It has been thought to be a result of artificial heat, in conse- 
quence of refining operations carried on in the mines ; or of 
some natural conflagration that has occurred in them. 

Genua IV. Arseniates. 

1. Arsbniate of Lime (Pharmacolite). When pure, this 
substance is white, but it is often of a rose colour, from a mix- 
ture of arseniate of cobalt ; occurs in delicate acicular crystals 
aggregated in small parcels, or small hexagonal prisms. It is 
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distingaiahed from the preceding sabstance by not being 
wholly volatile. 

2. AatsNiATK or Cobalt (Erythrine). Of a crimson, or 
rose colour, approaching to violet ; sometimes crystallized in 
oblique prisms, but oftener in small masses of a botryoidal 
form, with a fibrous structure. It is found with ores of cobalt, 
and with arsenical minerals. 

3. NicKKL Ochre. The arseniate of nickel is of a green 
colour, pulverulent, or in delicate filaments; it often accom- 
panies Kupfer nickel. 

4. Ar8£niatb or L^ad (Mimetese). It takes the. same 
form as the phosphate of lead, but the prisms are often swelled 
in the middle^ so as to haye something of a barrel shape: 
colour, generally pale yellow-brown* and lustre often silky. It 
is found in Cornwall and some other mining districts, 

Arseniates of Copper. 

There are several species of this ore, which resemble each 
other in giving off alliaceous fumes when heated, and, if dis- 
solved in nitric acid, depositing copper on any piece of iron 
dipped into it. Hardness, in general, 3 to 4. 

5. Copper mica (Erinite) occurs in thin transparent crys- 
tals resembling laminss of mica, which are hexagonal and of a 
deep emerald-green. It contains 59 per cent, of oxyde of 
copper, with arsenious acid, and water. 

6. LiRocoNiTB (Lenticular copper ore). In general, it is 
easily distinguished by its light greenish blue colour, and the 
form of its crystals, which are rectangular octahedrons, very 
obtuse, sometimes with the edges truncated. This species con- 
tains 35 per cent, of water. 

7. Oliven Ore (Right prismatic arseniate). The colour 
of this mineral is yellowish or olive-green of various shades : 
crystals are sometimes nearly black ; they occur in little tufts 
on quartz, or as a velvety coating. 

Wood copper is a name given to specimens of this ore, which 
have a fine fibrous texture and brownish colour : some of these 
are very soft, and may be reduced to powder by the fingers. 
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8. Tkih£D|ial Oliven Ore (Aphanesite) resembles the 
preceding species in its general appearance ; but the crystals are 
derived from an oblique prism, and most usually their trihedral 
points only are visible. 

All these species are found in some or other of the Cornish 
mines : Lirpconite appears to be peculiar to them. 

Copper froth contains about 13 per cent, of carbonate of lime. 

Euckroitet of a fine green colour^ and Condurrite, of a 
brownish black, are also arseniates of copper. 

Arseniates of Iron. 

9. Cube Orb (Pharmacosiderite) occurs in very small cubic 
crystals of a dark green colour, and usually with bright faces : 
the cubes often haye the alternate angles truncated, like the 
crystals of boracite (No. 46, p. 73). From the mines of Corn- 
wall, France, and Saxony, where it is found with brown haema- 
tite and copper ores. 

Skorodite,* in minute, bluish, transparent crystals. from the 
same localities; it contains less water than the preceding 
species. 

Second Class. 
Leucolttes. 

The elements which are the types of families in this class, 
are susceptible of forming colourless solutions. 



Family I. — Aluminides. 

The earth alumina ocQurs uncombined, and also as the mine- 
ralizing element of spinel, and some few other substances. 

1. Sapphire. This beautiful gem, which, next to the dia- 
mond, is the hardest substance in nature, is pure alumina. It 
crystallizes in forms belonging to the rhombohedral series; 
generally hexagonal prisms and double pyramids, and present- 
ing few additional plants. The primary rhombohedron, which 
is very shghtly acute, may sometimes be obtained by cleavage ; 

* Skorodont garlic. 



1 28 CORUNDUM — EMERY. 

but sapphire, being very tenacious as well as hard, often breaks 
with a conchoidal fracture. Its specific gravity is 3*9 to 4*1 « 

The most usual colours of the sapphire are blue and bluish 
grey ; when it is of a clear rose or crimson colour, it is called 
oriental ruby ; when yellow, oriental topaz ; if purple, oriental 
amethyst; and if green, oriental aquamarine or chrysoUte, ac- 
cording to the tint ; but it is easily distinguished from all the 
stones whose names it bears, by its great hardness and weight. 
The term oriental, it must be observed, is usually applied in jew- 
ellery, to the hardest and most valuable kinds of gems, without 
regard to their chemical nature. 

Some sapphires, when polished with a rounded surface at 
right angles to the axis of the crystal, exhibit a luminous 
chatoyant star of six rays, and are called asterias; this appear- 
ance occurs ofitener in the blue and white, than in the other 
varieties, and is quite independent of their degree of trans- 
parency ; some asterias being perfectly transparent, and others 
faintly translucent. 

Corundum is a less pure variety of the same substance, con- 
taining a small amount of oxyde of iron and 
some silica. Crystals of corundum, similar 
to those of sapphire, are found of a large 
s»ize ; but the faces are often very irreg^ar, 
and rarely smooth and bright as in most hard 
crystalline minerals. It is more easily cleav- 
able than the sapphire; and generally of a 
dark grey colour. 

Emery is corundum in a granular form, 
and of a dark iron-grey or brownish colour. 
Some bluish varieties, translucent and com- 
pact, have been called diamond spar, or adamantine spar. 

The finest blue sapphires are brought from Ceylon, where 
they are found, more or less rounded, in the sand of certain 
localities with hyacinths : the best oriental rubies come from 
the Capelan mountains near Syriam, in the kingdom of Ava. 
Corundum, both crvstallized and in irregular masses, is found 
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embedded in granite in various parts of India and China : 
beautiful crystals, also, of a clear blue and rose colour, are 
sometimes obtained from the dolomite rocks of Mount St. 
Gothard. 

Emery is found in many countries, generally in scattered 
masses which appear to have been brought from a distance and 
worn away by the action of water : in this condition it occurs 
in Jersey, the Islands of the Grecian Archipelago, and Eastern 
Prussia. It is much employed in the form of powder, for 
polishing the surface of metal and glass, and cutting the softer 
precious stones, such as the emerald and amethyst. 

2. GiBBSiTB (Hydrate of alumina). A white or greenish 
mineral occurring in stalactitic and mammellated forms, of a 
white or greenish colour : it consists of 64*8 alumina, and 34*7 
water, thus bearing the stole relation to corundum, as opal to 
quartz. Found in iron ore in Massachusetts. 

Diaspore contains less water, and occurs in slender and 
brilliant greenish prisms, embedded in the limestone of the 
Ural Mountains. WaveUite was at first confounded with this 
substance and received the same name, before its composition 
was known. 

Aluminatbs. 

1. Spinel (Spinel ruby; Balas ruby). Xbe spinel ruby 
differs considerably from the red sapphire, or oriental ruby : it 
crystallizes in octahedrons, which are sometimes modified 
(figs. 5 and 10), and often macled (No. 19, p. 11). It is 
rather less hard than the sapphire, but scratches topaz ; specific 
gravity 3*7. Consists principally of alumina combined with 
magnesia. 

The fine red colour for which the ruby is esteemed, is 
derived from a small quantity of chromic add ; but spinels are 
often colourless, yellowish, pale green and blue, and dark violet 
and brown : the light colours are transparent, the dark ones 
nearly opaque. 

Jewellers give the name spinel generally to those stones 
which have a colour approaching to scarlet ; they call the paler 

G 5 
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ones, iahs ruby; and those which indine to fui orange tint, 
they denomiuate ruhiceUe. 

The crystals of spinel occur with those of sapphire and 
hyacinth, in the beds of streams, among sand and pebbles 
which appear to be the debris of granitic and micaceous rocks, 
principally in Ceylon ; wher^ they are aJ^ met with embedded 
in granular limestone. 

The Bulas, rubies were bro^ght formerly from the province 
of Balachan, in Usbec Tartary, where they w^e found of great 
beauty and value ; Marco Polo makes mention of them and 
says, that the rubies of Balaoban were monopolized by the 
Sovereign » who, in order to enhance their price, prohibited the 
working of the mines. 

Pleonaste or Ceykinite, in small black brilliant octahedral 
crystals, is abundant in some of the micaceous rocks ejected 
from Vesuvius : a variety of a brown colour and without lustre 
is found at Laach, on the Rhine. Pleonaste contains from 1 6 
to 20 per cent, of ozyde of iron. 

Jut<molUe resembles spinel in hardness and crystallisalson ; 
but the magnesia is replaced by oxyde of stn^. It has a higher 
specific gravity, 4*6, and its colour is generally dark iron- 
grey. At present it is found only in Sweden and in New 
Jersey* 

2. PXiOMBGOMME (Alumiuate of lead). A substance con- 
sisting chiefly of alumina, lead, and water, which has the ap- 
pearance of yellowish gum, but scratches fluorspar. It occurs 
in some lead mines of Huelgoat, in Brittany. 



Family II. — Maqnbsidi^s. 

Brucite (Hydrate of Magnesia).. This minenj resembles 
in its appearance the most beautiful varieties of white pearly 
talc ; but as it consists wholly of magnesia and water it is 
entirely soluble in the acids, without eflervesoence : this 
character distinguishes it also from the transparent lameUar 
gypsum. 
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It haa been found in serpentine in New Jersey, and Unst, 
one of the Shetland Isles. 




Family III. — Stannidbs. 

Tin is not found in the metallic state. 

Oxydes. 

Tinstone (Cassiterite). The oxyde of tin is its chief ore, 
and the one from which all the tin used in the arts and manu- 
factures is obtained. 

When pure, it is colourless and transparent : but it is much 
oftener brown, sometimes black, from the 
oxyde of iron it generally contains. The 
crystals are derived from a square prism; 
figs. 20, 23, 24, are the most common; a 
macle or twin crystal of fig. 20 also occurs 
frequently, as here represented, and a similar 
combination of ^g» 23. In hardness it is always equal to 
quartz, scratching glass and felspar ; and when scratched or 
pulverized, the streak and powder are always white. Its 
specific gravity is 6*5 to 7, which is nearly as high as that of 
metallic tin. 

Tinstone is sometimes massive and granular ; in the latter 
case, it is much intermixed with quartz, the usual veinstone of 
tin ore ; crystals of tourmaline, apatite, fluorspar, and topaz 
are also found in tin veins ; the latter, particularly in Saxony, 
and occasionally in Cornwall : chlorite also is abundant in tin 
Tcins. 

Stream tin consists of rolled fragments of tinstone, and 
grains of various sizes intermixed with bits of rock, sand, and 
pebbles, in the beds of streams and other low grounds. This 
ore is collected for smelting ; and being separated from the 
earthy matter with which it is intermixed by washing in a 
stream of water, the places where this operation is carried on, 
are called stream* works, and the ore itself stream-tin. In some 
of these localities, grains of gold are found mixed with the tin. 
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Wood tin is the same substance occurring in pebbles or 
nodules, with a compact fibrous structure, generaUy of a light 
brown colour and variegated with dark and yellowish concentric 
bands : those which exhibit dark spots or rings on the surface 
are sometimes called toad's-eye-tin. 

Tinstone is an ore found in many parts of the globe, but 
there are few in which it exists in great quantity. The Cornish 
mines are by far the most productive in Europe, aflbrding 
probably ten times as much as all the others. They were 
explored and worked by the ancient inhabitants of Britain, 
who traded in this ore with the Phoenicians, afterwards with 
the Greeks established at Marseilles, and still more lately with 
the Bomans, who took much trouble to find out whence their 
predecessors had obtained tin. 

Next to ComwaU, the greatest quantity of tin is obtained 
from the mines of Malacca and the Island of Banca : and in 
Europe, principally in Bohemia and Saxony, whence some of 
the finest crystallized specimens are obtained. 

The uses of tin are numerous : the ease with which it may 
be alloyed with other metals, or spread thinly over them — ^its 
brightness, ductility, and the important property of not rusting 
by exposure to the air, or by the contact of liquids — ^render it 
highly advantageous as a coating for various kinds of vessels, 
particularly those employed in cooking: copper vessels thus 
coated were sometimes used by the Romans, as we learn from 
Pliny, though they were by no means common. 

Tin is requisite in the preparation of a fine scarlet dye, and 
some of the crimson and purple colours used in glass-staining. 



Familt IV. — Htdrargtridbs. 
1. Native Mbrcurt (Quicksilver). Globules of this metal 
are often attached to masses of cinnabar, and it is found occa- 
sionally in larger quantity in cavities of the veins. Some- 
times it is dispersed through the cinnabar, and oozes from it 
on being gently heated. 
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The appearance of metallic mercury is well known ; its pro- 
perty of remaining fluid at ordinary temperatures distinguishes 
it from all other metals, which are rendered liquid only by the 
application of heat. Mercury, therefore, to become solid, 
must be exposed to a de^ee of cold fiar greater than that 
which we experience in this climate ; at 39° below zero of • 
Fahrenheit it becomes solid, and is then malleable. 

Mercury unites readily with several other metals, for which 
reason it is used in the extraction of gold, and sometimes of 
silver, from their ores. The recent discovery of cinnabar in 
Upper California' will therefore be eminently useful in that 
region ; and fluid mercury will probably be found with it, as 
well as in other parts of Mexico. With tin it forms the 
amalgam or silvering for the backs of mirrors. In the native 
state it is sometimes found combined with a small quantity of 
silver. 

2. Native Amalgam (Argentiferous Mercury). In appear- 
ance, it exactly resembles silver, crystallizing in some of the 
sfime forms (figs. 3 and 9), but with little lustre. It is softer 
than silver, and much heavier ; specific gravity 14. This also 
is found with cinnabar, but is a rare substance. 



Family V. — Argyrioes. ^ 

Native Silver. Like the silver of commerce, this is a 
white malleable metal, rather harder than 
gold, with a specific gravity of 10*3, to ^®' ^2* 

10*5 : it is equally liable to become 
tarnished, and it happens sometimes that 
in consequence of cavities in the veins, 
or from the silver l3ring near the surface 
of the earth, it is somewhat tarnished in 
the mine : the streak, however^ is always 
silver-white. Its crystals belong to the 
cubic series, and are most frequently octahedral, but without 
any trace of cleavage. The crystals are frequently grouped in 
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rows, crossing each other at right angles, not unlike the 
branches of some kinds of^ fir-tree. It often occurs in wiry 
filaments and moss-like tufts, less commonly in leaves or 
plates, and sometimes in solid masses of great size^ both in 
Europe and America. The silver mines of Kongsberg, in 
Norway, have produced blocks weighing 5001b. and upwards: 
and at Schneeberg, in Saxony, a large and rich vein was dis- 
covered in 1478, and a block was cut from it, chiefly of metal, 
of such size, that Duke Albert of Saxony descended into the 
mine and made use of it as a dining table : it was afterwards 
smelred, and produced 44,000 lb. of silver. In the United 
States, silver is found associated with native copper in the 
mines of Lake Superior, and often penetrating it; and in 
Mexico and Peru it is frequently intermixed, in the form of 
small particles and fine threads, with the chloruret of silver 
and iron ochre. Quartz and calcspar are the earthy minerals 
most frequently foun4 ^th it. 

Native silver has bpen obtained from some of the Cornish 
mines, but in very small quantity : indeed, there se^m to be f^w 
countries in which this metal, or some of its ores, is not met; 
with. A good deal was, at one time, raised in Scotland and 
coined : and there are mines in France which still yield a con- 
siderable quantity. In the plain called the Fampa de Navar, 
filaments of silver are often found adhering to the roots of the 
grass. The silver ores of South America, however, are said 
to be in general far less rich in metal than those of Europe ; 
and are more productive, only because they exbt there in larger 
quantity, and are more extensively worked. 



Family VI. — Plumbidbs. 

Nativb Lbad. a substance of rare occurrence. It has 
been observed in small grains and laminae in some volcanic 
products, and also, it is said, in specimens of galena from 
Alston Moor. It may be distinguished by its softness and 
sectility from the galena, which is hard and brittle. 
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Ojttdes op Lead. 

1. Minium (Red Oxyde of Lead). A red substance, oc- 
curring in the fcacm of powder in some veins of galena and 
calamine. It is the same substance as the red lead used in 
painting ; but for this and other purposes it is prepared artifi^ 
cially. 

2. Yellow Oxtde op Lead (Native litharge). This 
lead ore, which is less oxydized than the preceding species, 
occurs sometimes as a powder, sometimes in solid masses^ not 
unlike yellow jaspar ; its great weight distinguishes it from all 
minerals which otherwise resemble it. 



Family VIL — ^Antimonidss. 

Native Antimony. A metal of silver-white colour and 
brilliant lustre, which is found in small masses, with some arse- 
nical and antimonial ores, as in Dauphin^ and the Hartz. It 
maybe distinguished from native silver by its octahedral cleav- 
age, though it does not crystallize ; and by evaporating before 
the blowpipe in white fumes. 

Antimonuret. 

Antimonial Silver (Discrase). White and rather brittle : 
distinguished from the preceding by affording a globule of 
silver by the' blowpipe. 

OxYDES OP Antimony. 

1. White Antimony (White Oxyde of Antimony) occurs 
in small lamellar masses, with a perfect rectangular cleavage. 
It is sometimes yellowish white, and has a somewhat pearly 
lustre: soft and extremely fragile; specific gravity 5*57: 
fusible in the flame of a candle. It is found in very small 
quantity with other ores of antimony. 

Earthy white antimony is the same oxyde combined with 
water, which occurs as a powder on the grey antimony ore. 

2. Red Antimony Orb (Kermes). A compound of the 
oxyde and sulphuret of antimony, which has a dull crimson 
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colour. It forms tnfts of delicate acicular crystals, sometimes 
radiating, sometimes interlaced, and as fine as hairs. It is 
scratched by almost all other minerals. It is at present a 
scarce substance^ inet yrith occasionally on the surface of grey 
antimony ore, and among the ores of arsenic ; but which, if 
found abundantly, would be a profitable mineral. 



Family VIII. — Zincides. 

The principal ores of zinc have been described in the families 
carbonate, sulpkuret, &c., to which they belong. It is never 
found in a metallic state : but we are acquainted with an oxyde 
which is now vn'ought as a zinc ore. 

Spartalite (Red Oxyde of Zinc). It occurs in lamellar 
masses and grains of a fine deep red colour, and brilliant lustre, 
strongly translucent ; or in thin fragments, transparent^ Hard- 
ness between 4 and 5, scratching red copper and red silver ore. 
With borax it fuses to a vellow transparent glass. 

Spartalite is found embedded in iron ore at Sparta, New 
Jersey, and at Franklin in the same State. 



FaMILT IX. ^BlSMUTHIDES. 

This family contains only native bismuth and the oxyde of 
bismuth. 

Native Bismuth. A metal of a reddish white colour, 
lamellar, and cleavable parallel to the planes of the octa&edron : 
sometimes it appears in the form of a crystalline arborescence ; 
specific gravity 9*7. When heated by the blowpipe, bismuth 
evaporates, and is converted into an oxyde which is deposited 
as a yellow powder on the charcoal. 

It is not a very abundant metal ; but a quantity sufficient 
for the few purposes to which it is applied, is obtained from the 
mines of Saxony and Bohemia, where it is found principally in 
the veins that afford red silver and cobalt ores. It has been 
met with in some of the Cornish mines, but in very small 
quantity. 
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Bismuth has heen sometimes employed in the fabrication of 
type metal; but one of its principal uses is in making solder; 
being fusible at a lower heat than any other metal, it imparts 
this property to its alloys. Teaspoons made of a compound of 
8 parts of bismuth, 5 of lead, and 3 of tin, will melt on boiling 
water being poured on them. 

OxYDB OP Bismuth. 

Bismuth Ochre occurs in the form of a yellow pOwder in 
the localities of native bismuth. 



Third Class. 

Chroicolttes. 

The types of this class are solid and metallic substances, all 
of which are capable of forming coloured solutions in acids. 



Family I. — ^Titanidbs; 

Metallic titanium is not ascertained to exist in nature ; it has 
been found in iron slags and old blast furnaces, in the form of 
small cubes of a bright copper colour, 

OXTDBS. 

1. Rutile (Titanite; Oxyde of Titanium). Generally of a 
dark cherry-red ; when it contains iron, passing -^q 53^ 
to brovm, with a sub-metallic lustre ; but the 
purer varieties are of a bright red, and transpa- 
rent. Its crystals are right prisms of eight or 
twelve sides, seldom with perfect terminations ; 
jointed crystals sometimes occur, composed of 
two or three of these. 

It is brittle, about as hard as felspar ; and the specific gra- 
vity 4*25,/ which, together with its distinct lateral cleavage, 
will distinguish it from red schorl and some other minerals. 

Rutile is found embedded in granite and other similar rocks, 
and particularly in the quartz veins which traverse them ; its 
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slender prisms penetrating the crystals in all directions : speci* 
mens of rock crystal enclosing parallel fibres of this ore bave» 
when polished, a beautiful appearance, and have been sold 
under the designation of Venus^ Hair. 

Fine specimens are obtained from many parts of the Alps, 
from Spain, Norway, and North America. In Brazil and Cey<r 
Ion, rolled fragments are found in the sand with the sapphires 
and zircons. 

Brookite has the same colour as rutile, but appears to crys- 
tallize in oblique rhombic prisms or tables : it has been found 
in Dauphind, and in the rock crystal of Snowdon, where it was 
first observed. 

2. Anatasb (Octahedrite). This also is an oxyde of tita- 
nium. It is found only in small crystals, which are acute square 
octahedrons, of a dark violet colour, or nearly black ; translu- 
cent^ and extremely brilliant. It is scarcely so hard as rutile. 
Dauphin^ and the Pyrenees afifbrd good specimens of anatase, 
intermixed with chlorite 'and adularia. 

TiTANATKS. 

1. NiORiNE (Iserine; Menaccanite; Titaniferons iron sand). 
This is a combination of iron with titanic acid, which occurs in 
the form of black grains or sand.. In Cornwall it was found in 
the Valley of Menaccan, whence the name Menaccanite, and in 
this substance the metal titanium was first discovered. It is 
met with in the beds of streams in many countries, and disse- 
minated in various serpentine rocks, .and others of igneous 
origin, sometimes in minute octahedral crystals. 

Ilmenite, which occurs in somewhat larger masses in the 
Urals near Minsk, is thought to be the same substance. 

Crichtonite is another rare variety, from the Alps. 

Pyrochlore, containing cerium and uranium, und Polymignite, 

containing yttria and zirconia, combined with the oxyde of 

titanium, are rare substances, embedded in the zircon syenite of 

Norway. 

-2. Sphbnb (Sil^eo-titanate of lime; Spinther^; Ligurite). 
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The transparent crystals pf this mineral are often of a bright 
yellow-green colour^ and so brilliant that they might well pass 
for some kind of gem: the opaque ones are dark reddish 
brown^ and^ at first sight, not unlike zircons ; they are derived, 
however, from a very oblique rhombic prism, often presenting 
numerous modifications which are difficult to distinguish* The 
name is from sphen, the Greek for a wedge> in reference to 
their form. Many localities in the Alps afibrd good speci- 
mens ; particularly, fissures in the granite and other rocks. 



Family II. — ^Tantalidbs, 

The few minerals in which tantalum is combined, are very 
rare: they have been found very sparingly in the granitic 
rocks near Fahlun in Sweden ; the tantalite also in Connecticut, 
and baierine in Bavaria. 

Tantalite (Columbite). A black substance with scarcely 
any metallic lustre, about as hard as .felspar, which occurs in 
small masses and imperfect prismatic crystals. The metal 
tantahim was discovered in an American specimen, and at first 
received the name of Columbium : it was found to consist of 
83 per cent, of the oxyde of this metal, with 17 of the oxydes 
of iron and manganese : it sometimes contains some oxyde of 
tin. 

BaieiHne contains a larger proportion of iron, and crystallizes 
in rectangular prisms. 

Yttrotantalite, or Yttrocolumhite, is chiefly a tantalate of 
yttria ; of a greenish or brownish black, and when powdered, 
grey ; becoming yellow before the blowpipe, and after some 
time, white ; less hard than the preceding. 



Family III. — ^Tungstidbs. 

The metal Tungsten or ^cheelium (so named from the 
chemist, Scheele, its discoverer) exists only as an oxyde, 
either alone or forming tungstates. 

Tdnostic Ochrb, or tnngstic acid, is a bright yellow powder 
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which is found sometimes on the surface of Wolfram, or filling 
small cavities. Insoluble, and producing vdth the salt of 
phosphorus a blue glass ; thus differing in chemical characters 
from any simDar mineral. 

TUNGSTATES. 

1. Wolfram (Tungstate of Iron and Manganese). A dark 
brown mineral with semi-metallic lustre, affording distinct and 
brilliant cleavages parallel to a right-rhomboidal prism. It 
has a good deal of resemblance to bronzite and to uncrystallized 
blende ; but its high specific gravity, 7*3, distinguishes it from 
both. 

It is common in many of the Cornish mines, and other 
metalliferous districts ; but is of no use, except to afford the 
tungstic acid, which is prepared for laboratories, and of which 
it contains about 78 per cent« 

2. TuNGSTATB OP LiMB (Scheclite) crystallizes in square 
octahedrons, both obtuse and acute, often modified by addi* 
tional planes: translucent, and generally white. Specific 
gravity 6. It occurs in some tii) mines, but rarely in Corn- 
wall ; and in Connecticut, Y^ith bismuth. 

3. TuNGSTATB OF Lbad is a scarce mineral, of a greenish 
colour, which has been found in the tin mines of Bohemia. 



Family IV. — Molybdidbs. 

MoLYBDic OcHRB (Oxydc of Molybdenum) occurs as a 
yellow powder thinly covering the sulphuret of this metal; 
melted with the salt of phosphorus, it produces immediately a 
green glass. 

MoLYBDATE OF Lbad crystallizcs in square octahedrons, or 
very short prisms of 4 or 6 sides, of a dull yellow colour, and 
translucent, which contain 64 per cent, of oxyde of lead. Its 
chief locality is the Bleiberg (lead mountain), in Carinthia, 
which affords great variety and fine specimens of the ores of 
lead. 
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Family V. — Chromides. 
Chrome is not found in the metallic state : its oxvde is a 
green ochry substance which is generally intermixed with 
siliceous minerals ; sometimes in felspathic or talcose rocks ; or 
combined with other oxydes. 

1. Chromic Iron is a black ore, with but little metallic 
lustre; massive, and sometimes crystallized in octahedrons: 
occasionally it is attractable by the magnet': specific gravity 
4*4, hardness 5*5. « 

This ore has been for some years sought after, to obtain 
from it the chromic acid, for the preparation of the beautiful 
chrome-yellow used in painting and dying. It has been found 
ia serpentine in the Shetland Isles, in Styria, the department 
of Var in France, and other localities ; and very abundantly in 
Maryland and other parts of the United States. 

Distinguished from magnetic iron by less lustre, and by 
affording a bright green glass with borax. 

2. Chromate of Lead (Crocoise; Red Lead ore). This 
is the same substance as the chrome-yellow artificially pre- 
pared. When crystallized, its colour is of a deep red-orange, 
and, when powdered, orange-yellow ; the crystals, which are 
semi-transparent, are oblique rhombic prisms, the base nearly 
square. They are generally small and slender, and occur with 
galena, and sometimes pyromorphite, at Beresof, in Siberia ; 
it has been found more recently, also» at Congonhas do Campo, 
in Brazil. 

Vauquelittite is a chromate of lead, with 10 per cent, of 
oxyde of copper, which has been found with the above in green 
acicular crystals. 



Family VI. — Uranidks. 

Besides the phosphate which has been described, uranium 
occurs as an oxyde, alone, or combined with water. 

1. Pitchblende (Oxydulated Uranium), This is a black 
or brownish black substance with semi-metallic lustre, scarcely 
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»o hard as felspar: it is infusible alone, but gives a green 
colour to the flame. It is found in some veins of silver ore 
in Saxony and Bohemia, also inComwaU, but it is a rare mineral. 
2. Uran Ochre occurs as a powder^ of a light yellow 
colour, which becomes orange when gently heated, and gives off 
water when calcined. The oxyde of uranium has been applied 
to painting on porcelain, to produce a fine orange colour. 



Family VIL — ^ManoamideS. 

The ores of manganese are not found in great abundance, 
though the metal itself is one of the most widely distributed in 
nature. As an oxyde or a carbonate, it is combined in many 
iron ores, and exists in many earthy minerals, particularly 
mica, of which it is often the colouring matter. 

The native oxydes, of which there are several species, are 
extensively employed in some manufacturing processes : par- 
ticularly in the production of chlorine, so essential in bleach- 
ing : and in glass-making, to destroy the green tinge which it 
would often otherwise have. Melted with borax they produce 
an amethyst- coloured glass. 

OxTDBS OF Manganese. 

1. Pyroiajsite (Peroxyde of Manganese). It occurs in 
groups of small brilliant crystals, like cut steel ; or in long 
prisms, generally of eight sides, which have a good deal of 
resemblance to those of grey sulphuret of antimony, but darker 
in colour ; sometimes forming botryoidal masses with a fibrous 
structure ; also, compact or granular, with numerous small 
cavities, which are lined or filled with a blackish powder that 
soils the fingers strongly, and is the same substance in an 
earthy form. 

The specific gravity of pyrolusite is 4*8 to 5; hardness, 
rather above calcspar. 

2. Manganite (Hydrous Oxyde of Manganese ; Acerd^). 
This oi-e differs frbra the preceding in containing 10 per cent, 
of water united with the oxydized metal. 
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Its appearance is very similar to that of pyrolusite, but the 
lustre is less metallic and the colour darker. When crushed, 
the powder is brown, while that of pyrolusite is black. It is 
also harder than pyrolusite. 

Wad is the same substance, of an earthy texture, some- 
times appearing compact when broken : it often occurs in 
singular dendritic and stalactitic forms, with a smooth surface, 
but no lustre. 

If this substance be mixed with linseed oil, and kneaded into 
a dough, the mass will inflame spontaneously. 

All these varieties, as well as the pyrolusite, are obtained in 
large quantity at Upton Pyne, in Devonshire ; also, in Aber- 
deenshire, the Pyrenees, and many other parts of Europe. 

Both species are easily distinguished by the blowpipe, from 
ores of similar appearance. 

3. PsiLOMELANE (Barytifcrous Oxyde of Manganese). 
Another hydrous oxyde which contains from 4 to 1 6 per cent, 
of the earth baryta. It does not crystallize, has a bluish-black 
colour, and when heated with glass of borax produces a violent 
effervescence. 

It occurs with the above-named ores, principally in the 
neighbourhood of Macon in Burgundy. 

Braunite and Hausmannite are rare species, crystallizing in 
square octahedrons of a brownish-black colour, and semi- 
metallic. 

Marceline is an oxyde containing 15 or more per cent, of 
silica, which is found abundantly in the valley of St. Marcel in 
Piedmont, enclosing several interesting substances embedded 
in it. 

Of ^11 these species, the pyrolusite is the most advantageous, 
being the most highly oxydized, and free from any other sub- 
stance, except accidental impurities. The oxygen gas em- 
ployed in chemical experiments may be obtained from it, by 
exposing it to heat in a retort ; and when powdered and mixed 
with muriatic acid, chlorine is given off, which is perceptible 
by its strong pungent odour. 
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Family VIII. — Siderides. 
Genus I. 

1. Native Iron. Metallic iron is found in very small 
quantity beneath the surface of the earth : it occurs in small 
laminse and thin veins among iron ores ; and in small particles 
in some lavas, both ancient and modern* 

There are, however, many large masses of metallic iron 
scattered over the earth's surface, which are known to be of 
meteoric origin, the period and circumstances of their fall 
having been recorded, sometimes with great precision. They 
are perfectly metallic, attractable, by the magnet, and malle- 
able ; and are all found to contain from 1 to 10 per cent, of 
nickel, and sometimes a very small quantity of chrome or 
cobalt. 

There are many other metalhc masses of whose descent 
from the atmosphere we have no account, but they are found 
to consist of a similar alloy ; and, judging from this, and the 
similarity of their insulated situation, it is impossible not to 
conclude that they have had the same origin. 

A mass of iron weighing 711b., which fell with a smaller 
fragment, on the explosion of a meteor, in Croatia, in 1751, is 
to be seen in the Imperial Cabinet of Vienna ; and at the town 
of. Ellbogen in Bohemia, a mass of iron weighing 200 lb. is 
preserved, which was seen to fall from the air. 

The great mass of iron near Jenissek, in Siberia, which con- 
tains grains of chrysolite embedded in it, is supposed to weigh 
1600 lb. : another, on the banks of the River Plata, is calculated 
to weigh about 100,000 lb. ; and there are many others of all 
sizes in different countries. 

OxTDES OF Iron. 

1. Feroxtdb of Iron (Specular Iron or Iron Glance; Red 
Hsetpatite ; Red Ironstone). The crystallized varieties of this 
ore have a dark steel-grey colour^ and a splendent metallic 
lustre ; and the surface is often tarnished like tempered steel ; 
when scratched or pulverized, however, the powder is dark 
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cherry-red, and thin fragments, viewed in a strong light, appear 
of the same colour. The crystals are acute rhombohedrons, 
generally with complex modifications ; some are thin hexago- 
nal tables with oblique edges. The most brilliant specimens 
come from the Isle of Elba, where mines of this ore have been 
worked above 2000 years. Some specimens are attractable by 
the magnet, but this is not a constant character. 

Micaceous iron is the same substance in thin scales : in this 
form it is scattered through some quartzose rocks, having the 
appearance of plumbago : in this situation it occurs in Brazil 
and Coromandel. 

In the British Museum is a specimen of specular iron, in 
hexagonal plates, in which a topaz is embedded. 

Red Htematite is always opaque, seldom with any metallic 
lustre, of a blood-red colour, inclining to steel-grey. It occurs 
in large nodules and stalactitic forms, with a fine radiated 
structure : the fibres are sometimes above a foot in length. 

Red ironstone is compact or somewhat granular, and often 
very pure. 

Red ochre and red chalk (reddle) have an earthy and some- 
what unctuous texture ; they generally contain a good deal- of 
clay. 

Clay ironstone. An abundant ore, consisting of^he red 
oxyde mixed with* earthy substances, chiefly clay and siliceous 
matters: it is generally dark red or brown, and sometimes 
* very hard. This must not be confounded with the impure 
carbonate of iron which is also called clav ironstone, and will 
efervesce iu warm nitric acid. 

The red iron ores are abundant in some parts of England, 
particularly at Ulver stone, in Lancashire, where an immense 
vein affords all the varieties, accompanied by calcspar : also in 
Lanarkshire. 

Pieces of haematite are much used in the potteries and other 
manufactories, as burnishers ; and a great deal of red chalk is 
sawn up into crayons. 

2, Brown Iron Ore (Hydrous Oxyde of Iron ; Hydrate 

K 
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of Iron ; limonite ; Morass Ore ; Yellow Ocbre). This ore is 
of a dark coffee-brown colour, except in the earthy varieties ; 
but when powdered, is yellow : it is softer and more brittle 
than the red iron ore, and not so heavy. When pure, it con- 
sists of 85*3 of peroxyde of iron and 14*7 of water: but it 
often contains a little of the oxyde of manganese and silica. 

Brown hematite resembles the red haematite in its fibrous 
structure ; but has a silky lustre, and the colour is sometimes 
varied by bands of a lighter tint near the surface. 

Broum ironstone is compact, sometimes intermixed with day. 

Bog ore and morass ore are of loose, unequal, friable texture, 
and occur in low swampy grounds. There is not much of this 
sort in Great Britain, except at the foot of the Cheviot Hills, 
though in other parts of Europe it is abundant, and in France 
is extensively smelted. 

Pea iron ore is the same substance occurring in small globu- 
lar masses compressed together : in the Jura mountains there 
are extensive beds of it : these grains, when broken, appear to 
consist of concentric layers. 

All these varieties are much used in the iron works of France 
and Prussia ; but until lately, those which occur in England 
have been neglected, in consequence of the abundance of 
dcher ores. 

Yellow ochre, which is used in various kinds of painting, is 
'Sometimes a very pure hydrate of iron ; but the best kind for 
these purposes contains a good deal of alumina combined with 
it. There is a large bed of it near Oxford* which is of a very 
good quality. 

Umber, another pigment, contains a large proportion of the 
hydrous oxyde of manganese. 

Genus II. Ferrates. 

1. Magnetic Iron Orb (Loadstone; Oxydulous Iron). 
This ore has a dark iron-grey colour and metallic lustre, and 
its hardness and specific gravity are nearly the same as of spe- 
cular iron ore : massive varieties of these two ores resemble 
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each otiier considerably; but they may be distinguished by 
pulverizing them : the powder of the specular iron is red ; that 
of the magnetic iron> black. 

It is always strongly attracted by the magnet, a circumstance 
^hich sometimes occurs wilii the specular ore ; but those spe- 
<^imens which exhibit polarity are themselves natural magnets 
or loadstones. 

Magnetic iron is scarce in this country, being found only in 
small crystals, octahedral or dodecahedral (figs. 5, 9, 10), dis- 
seminated in serpentine and in some schistose rocks : but in 
Norway and Sweden it forms immense beds many yards in 
thickness, and even constitutes mountains, as at Taberg and 
Dannemora ; and at Gellivara in Lapland. It occurs in many 
other countries, particularly the United States, but not in such 
extensive masses. 

2. Franklinite is a combination of oxyde of iron with the 
oxydes of manganese and zinc, which is found at Franklin, in 
New Jersey. It crystallizes in octahedrons, and has very much 
the appearance of magnetic iron, but somewhat less metallic» 
and the streak is reddish brown. 

GOBALTISES. 

3. Black Oxtde of Cobalt (Cobalt Ochre), A black 
earthy substance which occurs in several places, both in Europe 
and America, usually on the surface of other ores of cobalt, 
and of arsenic, but seldom pure. The ore from Missouri, 
of which a good deal is now exported to England, for the pur* 
pose of being converted into smalt, contains 40 per cent, of 
the oxydes of cobalt, with oxydes of nidiLel, manganese, iron, 
and copper. 

Family IX. — Cuprides. 

Native Copper. Like most of the native metals, it crys- 
tallizes in the octahedral system; but perfect crystals are 
seldom met with. It occurs sometimes in very large masses, 
but most frequently, in branching and leaf-like forms, scattered 

h2 
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among the veinstone^ or penetrating it: and the surface of 
these ramifications is often thinly coated with green carbonate 
of copper^ or tarnished of a brownish colour. 

In general it is very nearly pure copper^ and has the colour, 
hardness, and malleability of the refined metal, as we are ac- 
customed to see it : sometimes it contains a minute proportion, 
of silver. 

Siberia and Cornwall have for ages afifbrded abundance 
of native copper, and some of the finest cabinet specimens ; 
but Brazil and the southern shore of Lake Superior have pro* 
duced by far the largest masses of metal. A block weighing 
3704 lbs. was taken from the last-mentioned spot and conveyed 
to Washington : but many larger ones are said to have been 
obtained from the same locality. In some parts of this district* 
the copper is penetrated by threads of pure silver, and gr^s 
of the same metal are scattered through it; a circumstance 
which has never been observed elsewhere. 

Its softness and ready solubility in every kind of acid, and in 
ammonia, distinguish copper from the few metallic minerals 
which at all resemble it. 

Copper is one of the metals that has been known and worked 
from the earliest period : alloyed with tin its hardness is much 
increased ; and this alloy formed the various kinds of bronze of 
which armour, weapons, knives, and other tools were manufac^ 
tured by the former inhabitants of both the old and the new 
continent. Axes and knives from the tombs of the ancient 
Peruvians and Mexicans, chisels found in the quarries of Eg3rpt, 
and Roman and Gaulish swords of great antiquity, have been 
analysed, and found to contain from 75 to 96 per cent, of 
copper alloyed with tin. 

OXTDES. 

Ruby Copper (Red Oxyde of Copper; Zigueline). This 
substance is of a fine crimson colour, sometimes almost black» 
with a vitreous lustre, varying from semi-transparent to nearly 
opaque. It crystallizes in octahedrons and dodecahedrons. 
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Sometimes presenting numerous modifications (figs. 4, 5, 9, 
10, are the most common) : it is brittle, and about as hard as 
fluorspar, with a specific gravity of 5*6. Detached crystals of 
a bright colour are very much like spinel rubies ; but the dif- 
ference of their hardness is a sufficient distinction. It is often 
intermixed with native copper, but seldom with the other ores 
of this metal. 

At Chessy, large and perfect pseudomorphous crystals of 
malachite are found, having the forms of ruby copper. 

Tile ore is a variety which is intermixed with oxyde of 
iron and other impurities, and forms thin fiattish masses some* 
thing like dark coloured tiles. 

Black oxyde of copper, which is more oxydated than the pre- 
ceding species, occurs in the form of a fine black powder, or in 
small masses of an earthy texture, with some other copper ores. 
Both this and ruby copper are easily reduced on charcoal to 
metallic copper. 

Family X. — Aurides. 

Gold is found only in the native or metallic state; for, 
though it is alloyed with silver and with tellurium, it is never 
mineralized by sulphur, oxygen, chlorine, &c., which, in com« 
bining with other metals, destroy their metallic character. 

1. Nativb Gold is often nearly pm*e ; but it is almost con- 
stantly alloyed with some proportion of silver, which varies from 
a very small fraction to 72 per cent. When the quantity of 
silver is but small, it does not difier in appearance from the 
gold of commerce : it has the same colour, hardness, and mal- 
feability, but is less heavy, the specific gravity ranging from 
12*6 to 14*7; this variation depends partly on the amount of 
silver which it contains: the specific gravity of gold when 
purified is 19*25. 

Gold crvstalliees in cubes and octahedrons, and other forms 
belonging to the same series. Some of the gold sand of South 
America consists chiefly of brilliant crystallized grains; but 
well -formed crystals of even moderate size are extremely 
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scarce : it is more commonly disseminated in small irreg^oiar' 
lamps or grains, in veins of quartz or calcspar, accompanying- 
other ores : for it does not, like copper pyrites and cinnabar, 
fill the veins in which it occurs; nor even constitute* like 
native silver, the principal part of their metalliferous contents ; 
but is scattered through them in minute particles ; or spread 
out here and there into thin leaves ; or forms, in their cavities, 
crystallized tufts. 

In Hungary and in some parts of Mexico, gold occurs with 
the sulphurets of silver : in the Sierra Co^aes of Brazil, beds 
of granular quartz and micaceous specular iron include a great 
quantity of native gold in the form of spangles. 

Gold was discovered some years since in lead veins in Meri- 
onethshire, in sufficient quantity to render the working of it 
tolerably profitable : it is there sprinkled in fine particles over 
quartz, or mixed with iron pyrites and decomposing blende. 
In the Hartz it is found chiefly among decomposing irou 
pyrites. 

Gold, however, is far more abundant in the sand of rivers, 
and in alluvial tracts, than in any other situations^ Moat of 
the gold of South America, and which for many 3rears was the 
source of the greater part of the gold circulating and manu- 
factured in Europe, is obtained from washings in alluvial'*' 
grounds. At Choco, along with the gold, platinum, hyacinths, 
and rutile occur ; and often the trunks of petrified trees : in 
other localities, diamonds and gold are found together. 

In California, where the late discovery of gold has excited 
such extraordinary interest, both from the extent of country 
over which it is scattered, and the unusual size of the pepiies 
(as they are called) in which it occurs, the soil is alluvial^ 
and diamonds are said to have been met with in several spots. 
A great quantity exists there in small grains and spangles ; the 

* AUuvial is a term used to designate the deposits of loose gravel, sand, 
and mud, which in many regions are spread over all other strata, chiefly 
in low grounds, and appear as if carried thither by a stream or flood. 
The word is derived from aUuviOf an inundation. 
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large pepites are either of solid metal, or quartz intermixed 
with gold, and in general strongly coloured by hydrous oxyde 
of iron. The gold mines of the Urals are situated in alluvial 
aoii, and it is observed that the richest spots are generally 
those which are the most ferruginous. These mines are said 
to have been, for some years past, the most productive in the 
world.* 

The native gold of Africa is in the form of dust intermixed 
sometimes with larger grains. That country, together with 
Spain, famished. a great part of the gold possessed by the an- 
cients : the mines of Gallicia, according to Diodorus Sicu- 
lus, were worked by the Phoenicians, and afterwards by the 
Romans. 

Macedonia, Thrace, and the Isle of Thasos, near that coasts 
also afforded them gold. 

The river Pactolus, celebrated for its golden sands, was said 
to have been a chief source of the wealth of Croesus, but they 
have long ceased to be productive. 

Borneo, Sumatra, and many other islands of the Indian Ar- 
chipelago, as well as Cochin China and Siam, possess produc- 
tive gold mines. 

In the time of Queen Elizabeth, extensive gold-washings 
were carried on in the mining district of Leadhills, Scotland : 
and in the course of a few summers, the quantity collected 
there, amounted to £100,000. In Wicklow, also, gold was 
for a short time obtained from a small alluvial tract : and par- 
ticles of gold occur sometimes in the Cornish stream works. 

2. Electrum is a name applied to a native alloy of 64 parts of 
gold with 36 of silver. Fliny says that " all gold contains more 
or less silver combined with it, and that when the latter amounts 
to Si fifth part of the weight it is called electrum." When the 
proportion of silver is large, the alloy has a brassy colour. It 
is met with generally in veins, in Siberia, Hungary, and Tran- 
sylvania, but not often in sand or grains. 

* The \ehole of the Russian mines yielded, in 1842, 42,000 lbs. troy, of 
^hich half was from Siberia. 
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Gold is insolable in every acid except aqua regia (a mixtare 
of nitric and hydrochloric acids), and neither becomes oxydized 
nor tarnished by exposure to the air. Its extreme malleability^ 
in addition to these properties, renders it a most economical as 
well as beautiful ornamental material, notwithstanding its high 
value. It amalgamates readily with mercury, for which reason 
this metal is used in some places with great advantage for 
separating gold from the gangue or earthy matter with which it 
is intermixed. 

Family XI. — ^Platinidbs. 

Native Platinum (Platina). This metal, which is the 
heaviest known substance, is found only in the metallic 
state, generally alloyed with a small quantity of palladium^ iri- 
dium, osmium, rhodium, or iron : sometimes it is combined with 
two or three of these metals. It has a pale lead-grey colour, 
and is found in grains, which are generally very small, rarely 
as large as a pea. In this state its specific gravity is about 1 7, 
but when purified it is 19*5, or rather higher than that of 
gold.* 

Platinum is a most indestructible substance ; being infusible 
at a heat which liquifies gold, and unaffected by every acid 
except the aqua regia ; it is, therefore, of great value as a ma- 
terial for crucibles and other chemical apparatus. It is also 
extremely malleable, and so ductile that it has been drawn into 
wire less than the ten -thousandth of an inch in diameter. 

Platinum was discovered about a hundred years since, in the 
sands of Barba9oa and Choto, in South America : it was after- 
wards found in the gold district of Brazil, whence a consider- 
able quantity was obtained annually. But in 1824 it was 
discovered on the western side of the Ural Mountains ; and the 
mines of that district have for several years produced a far 
greater quantity than all the American localities, and the most 

* Platinum, which has been rendered more dense by hammering, has a 
sp. gr. from 21 to 23. 
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remarkable specimens in point of size and weight : one of these, 
in the Demidoff Cabinet, weighs 21 lbs. troy; another, 11 J. 



Family XIL — Palladides. 

Palladium. Among the grains of Platinum are generally 
intermixed very small ones of a lighter colour, and sometimes 
a radiated texture, which have a specific gravity of 11*3 or 
II '8. These are Palladium: the grains have usually a flat 
shape, and are soluble in heated nitric acid. 

Palladium has been advantageously used in small slips, to 
inlay parts of astronomical instruments, where fine graduated 
lines are cut, being nearly as white as silver, and not liable to 
tarnish or become oxydated. In the Mint at Paris, there is a 
highly polished cup of this metal. 



Family XIII. — Osmides. 

Iridosmine (Native Iridium). An alloy of Osmium with 
Iridium, which occurs in small grains in some of the localities 
of Platinum. Their specific gravity is above 19, and they are 
insoluble alone, even in aqua regia. 

The metal iridium received its name from iris, the rainbow* 
because its diflerent solutions exhibit all the colours of the 
rainbow. 
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ON KOCES OR MINEBAL A6GB£GAT£S. 
By James D. Dana^ A.M. 

General Nature of Rocks. — The rocks of the globe are min- 
eral, and consist either of a single mineral in a massive statej^ 
or of intimate combinations of different minerals. Limestone, 
when pnre, is a single mineral ; it is the species calcite or car- 
bonate of lime. Common granite is a compound or aggregate 
of three minerals — quartz, feldspar, and mica. Sandstones may 
consist of grains of quartz alone, like the sands of many sea- 
coasts, being such a rock as these sands would make if aggln- 
tiuated ; it is common to find along with the quartz, grains of 
feldspar, and sometimes mica. Clay Slates consist of quartz 
and feldspar or clay, with sometimes mica, all so finely commi- 
nuted that often the grains cannot be observed. Coti^lome- 
rates or puddingstones, may be aggregates of pebbles of any 
kind : of granite pebbles, of quartz pebbles, of limestone peb- 
bles, or of mixture of different kinds* cemented together by 
some cementing material, such as ^ca, oxyde of iron» or car- 
bonate of lime. 

Texture or structure of Rocks. — Rocks differ also in texture. 
In some, as granite, or syenite, the texture is crystalline : that 
is, the grains- are more or less angular, and show faces of 
cleavage ; the aggregation was the result of a cotemporaneous 
crystallization of the several ingredients. Common statuary 
or white building marble consists of angular grains, and is 
crystalline in the same manner. But a pudding-stone is evi- 
dently not a result of crystallization; it consists only of adhering 
pebbles of other rocks with a cementing material which is often 
not apparent. Sandstones also are an agglutination of grains 
of sand, — just such rocks as would be made from ordinary sand 
by compacting it together ; and clay slates are often just what 
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would result from solidifying a bed of clay. There are there* 
fore crystallme and uncrystalHne rocks. It should be remem- 
bered, however, that in each kind of rock the grains themselves 
are crystalline, as all solid matter becomes solid by crystal- 
lization. Bat the former kind is a crystalline aggregation of 
grains, the latter a mechanical aggregation. 

In crystalline rocks it is not always possible to distinguish 
the grains, as they may be so minute, or the rock so compact, 
that they are not visible. Much of the crystalline rock called 
basalt is thus compact. 

Positions, or modes of occurrence, of Rocks, — A great part of 
the rocks of the earth's surface constitutes extensive beds or 
layers, lying one above the other, and varying in thickness 
from a fraction of an inch to many scores of yards. There are 
compact limestones, beds of sandstone, and shales' or clay 
slates, in many and very various alternations. In some regions^ 
certain of these rocks, or certain parts of the series, may extend 
over large areas or underlie a whole country, while others are 
wholly wanting or present only in thin beds. The irregularitiea 
in their geographical arrangement and in the order of super- 
position are very numerous, and it is one object of geology to 
discover order amid the apparent want of system. Thus in 
Pennsylvania, over a considerable part of the state, there are 
sandstones, shales, and hmes tones, connected with beds of coal. 
'In New York there are other sandstones, shales, and lime- 
stones, without coal ; and the geologist ascertains at once, by 
his investigation, that no coal can be found in New York. 
These rocks contain each its own peculiar organic remains, and 
these are one source of the confident decision of the geologist. 
The stratified rocks bear evidence in every partT— in their regular . 
layers, their worn sand or pebbles, and their fossils — that they 
are the result of gradual accumulations beneath water, marine 
or fresh, or on the shores of seas, lakes, or rivers* 

Besides the stratified rocks alluded to, there are others which* 
like the ejections from a volcano, or an igneous vent, form 
beds, or break through other strata and fill fissures often many 
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miles in length. The rock filling each . fissures, is called a- 
dike. Such are the trap dikes of New England and else- 
where; they are fissures filled by trap. Porphyry dikes, and 
many of the veins in rocks, are of the same kind. Similar 
rocks may also occur as extensive layers ; for the lavas of a 
single volcanic eruption are sometimes continuous for forty 
miles. They may appear underlying a wide region of country, 
like granite. 

The stratified rocks, or such as consist of material in regular 
layers, are of two kinds. The worn grains of which they are 
made are sometimes distinct, and the remains of shells farther 
indicate that they are the result of gradual accumulation. But 
others, or even certain psirts of beds that elsewhere contain 
these indications, have a crystalUne texture. A limestone bed 
may be compact in one part, and granular or crystalline, like 
statuary marble, in another. Here is an efi^ct of heat on a 
portion of the bed ; heat, which has acted since the rock was 
deposited. Other rocks, such as mica slate, gneiss, and pro- 
bably some granites, have thus been crystallized. 

In these few general remarks on the structure of the globe, 
we have distinguished the following general facts : 

1. The great variety of alternations of sandstone, conglo-r 
merates, clay shale, and limestones. 

2. The existence of igneous rocks in beds and intersecting 
dikes or veins. 

3. The mechanical structure of sandstone, conglomerate, 
and shales. 

4. The crystalline character of igneous rocks. 

5. The crystalline character of many stratified or sedi- 
mentary rocks, arising from the action of heat upon the beds of 
rock themselves, after thev were first formed. 

We follow this comprehensive survey of the arrangement 
and general nature of rocks, with descriptions of the more 
prominent varieties and their applications in the arts.* 

* One of the most important uses, of stone is for architectural purposes. 
The character of the material depends not only upon its durability, but 
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GRANITE. — SYENITE. 

Granite consists of the three minerals, quartz, feldspar, and 
mica. It has a crystalline granular structure, and usually a 
greyish-white, grey, or flesh-red colour, the shade varying 
with the colour of the constituent minerals. When it contains 
hornhlende in place of mica, it is called syenite; homhlende 
resemhles mica in these rocks, but the laminae separate much 
less easily and are brittle. 

Granite is said to be micaceous, feldspathic, or quartzose, ac- 
cording as the mica, feldspar, or quartz predominates. 

It is called porphyritic granite, when the feldspar is in large 
crystals, and appears over a worn surface like thickly scattered, 
white blotphes, often rectangular in shape. 

Graphic granite has an appearance of small oriental cha- 

also its contraction or expansion from changes of temperature. Jhis 
latter cause occasions fractures or the opening of seams, and produces in 
cold climates serious injuries to structures. The following table, by Mr. 
A. J. Adie, gives the rate of expansion in length for ditFerent materials, 
fcrr a change of temperature of 180<» F. — Proc. Roy. Soc. Edinb., i. 95, 1835. 

Granite, -0008968— •0007894 

Sicilian white marble, •00110411 

Carrara marble, '0006539 

Black marble, from Gal way, Ireland, -00044519 

Sandstone, (Craigleith quarry, Scotland,) '0011743 

Slate, Penryhn quarry, Wales, -0010376 

Greenstone, -0008089 

Best Brick, '0005502 

Firebrick, * -0004928 

Cast iron, •00114676--'001102166 

Rod of wedgewood ware, -00045294 

The experiments of W. H. C. Bartlett, Lieut. U. S. Engineers, led to 
the following results. — Amer. J. Sci.t xxii. 136, 1832. 

For 1«F. For 180<> F. 

Granite, -000004825 -00086904 

Marble, -000005668 -00102024 

Sandstone, '000009532 '00171596 

Hammered copper, '000009440 '00169920 
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racters over the surface, owing to the angular arrangement of 
the quartz in the feldspar, or of the feldspar in the quartz. 

When the mica of the granite is wanting, it is then a 
granular mixture of feldspar and quartz, called gramdUe or 
leptynite. 

When the feldspar is replaced hy alhite, it is called albUe 
granite. The albite is usually white, but otherwise resembles 
feldspar. 

Granite is the usual rock for veins of tin ore. It contaias 
also workable veins of pyritous, vitreous, and grey copper ore, 
of galena or lead ore, of zinc blende, of specular and magnetic 
iron ore, besides ores of antimony, cobalt, nickel, uranium,, 
arsenic, titanium, bismuth, tungsten, and silver, with rarely a 
trace of mercury. The rare cerium and yttria minerals are 
found in granite, and most frequently in albitic granite. It 
also contains emerald, topaz, corundum, zircon, fluor spar^ 
garnet, tourmaline, pyroxene, hornblende, epidote, and many- 
other species. 

Granite is one of the most valuable materials for building. 
The rock selected for this purpose should be fine and even in  
texture, as the coarser varieties are less durable; it should 
especially be pure from pyrites or any ore of iron, which on 
exposure to the weather will rust and destroy, as well as de- 
face, the stone. The only certain evidence of durability must 
be learned from examining .the rock in its native beds ; for 
some handsome granites which have every appearance of dur- 
ability, decompose rapidly from some cause not fully under- 
stood. The more feldspathic are less enduring than the quartz- 
ose, and the syenitic (or hornblendic)^ variety, more durable 
than proper granite itself. The rock, after removal from the 
quarry, hardens somewhat, and is less easily worked than wheu 
first quarried out. 

Massachusetts is properly the granite state of the union. 
New Hampshire and Maine also afford a good material. The 
Quincy quarries in Massachusetts, south of Boston, have for 
many years been celebrated. Besides this locality, there are 
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others in the eastern part of this state, between cape Ann and 
Salem, in Gloacester, at Fall River, in Troy, in Dan vers ; also 
south, between Quincy and Rhode Island, where it is wrought 
in many places, as well as in Rhode Island, even to Providence. 
The so-called Chelmsford granite comes from Westford and 
Tyngsborough, beyond Lowell ; and an excellent variety is ob« 
tained at Pelham, a short distance north in New Hampshire. 
Masses 60 feet in length are obtained at several of the quarries. 
They are worked into columns for buildings, many fine ex- 
amples of which are common in Boston, New York, and other 
cities. 

Good granite is also quarried in Waterford, Greenwich, and 
elsewhere, in Connecticut. 

The granite is detached in blocks by drilling a series of 
holes, one every few inches, to a depth of three inches, and 
then driving in wedges of iron between steel cheeks. In this 
manner masses of any size are split out. There is a choice of 
direction, as the granite has certain directions of easiest frac- 
ture. Masses are often got out in long narrow strips, a foot 
wide, for fence posts. The granite in a rough state brings 12 
to 15 cents, the superficial foot; ordinary hewn granite 20 to 
40 cents, the foot ; worked into columns, 50 cents, to 1 dollar 
the foot, according to the size. 

Granite is also used for paving, in small rectangular blocks 
neatly fitted together, as in London and in some parts of New 
York and other cities. The feldspathic granite is of great 
value in the manufacture of porcelain, for which purpose it is 
therefore extensively employed. 

Granite was much used by the ancients, especially the 
Egyptians, where are obelisks that have stood the weather for 
3000 years, 

GNEISS. 

Gneiss has the same constitution as granite, but the mica is 
more in layers, and the rock has therefore a stratified appear- . 
ance. It generally breaks out in slabs a few inches to a foot 
thick. It is hence much used both as a building material and^ 
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for flagging walks. The quarries in the vicinity of Haddam, 
Conn., on the Connecticut river, are very extensively opened, 
and a large amount of stone is annually taken out and exported 
to the Atlantic cities, even as far as New Orleans. There are 
also quarries at Lebanon and other places, in Connecticut ; at 
Wilbraham, Millbury, Monson, and many other places, in 
Massachusetts. 

MICA SLATE. 

Mica slate has the constitution of gneiss, but is thin, slaty, 
and breaks with a ghstening or shining surface, owing to the 
large proportion of mica, upon which its foliated structure de- 
pends. Grey or silvery grey is a common colour. 

The thin even slabs of the more compact varieties of mica 
slate are much used for flagging, and for door and hearth 
stones ; also for lining furnaces. The finer arenaceous varieties 
make good scythe stones. 

It is quarried extensively of fine quality, in large even slabs, 
at Bolton in Connecticut ; also in the range passing through 
Goshen and Chesterfield, Mass. It is worked into whetstones 
in Enfield, Norwich, and Bellingham, Mass., and extensively 
at Woonsocket Hill, Smithfield, R. L The south part of 
Chester, Vt., affords a slate like that of Bolton. Mica slate 
is used at Salisbury, Conn., for the inner wall of the iron 
furnace. 

Hornblende slate resembles mica slate, but has not as glisten- 
ing a lustre, and seldom breaks into as thin slabs. It is more' 
tough than mica slate, and is an excellent material for 
flagging. 

TALCOSB SLATE. — TALCOSB ROCK. 

Talcose slate resembles mica slate, but has a more greasy 
feel, owing to its containing talc instead of mica. It is usually 
light grey or dark greyish-brown. It breaks into thin slabs, 
but is generally rather brittle, yet it often makes good fire- 
stones. 

A talcose slate in Stockbridge, Vt., is worked for scythe 
stones and hones, and is of excellent quality for this purpose. 
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Tdlcose rock is a kind of quartzose granite, containing more 
or less talc, and often quite compact. It is usually very much 
intersected by veins of white quartz. Much of it contains 
chlorite (an olive-green mineral) in place of talc, here and 
there disseminated : and there is a chlorite slate, of a dark 
green colour, similar in general characters to talcose slate. 
Talcose rock passes into a flinty quartz rock. 

The talcose rocks are to a great extent the gold rocks of the 
world, especially the quartzose veins, as mentioned under Gold. 
It contains the topaz of Brazil, and also euclase, and many 
other minerals* 

STEATITB, OR SOAPSTONE. 

Steatite is a soft stone, easily cut by the knife and greasy in 
its feel. Its colour is usually greyish-green ; but when smoothed 
and varnished it becomes dark olive-green. It occurs in beds, 
associated generally with talcose slate. 

Owing to the facility with which soapstone is worked, and 
its refractory nature, it is cut into slabs for fire-stones and 
other purposes, knd the powder, finely prepared, is em- 
ployed for diminishing friction, and for mixing with blacklead 
in the manufacture of crucibles. It is also used, as observed 
by Dr. C. T. Jackson, for the sizing rollers in cotton factories, 
one of which is 4^ feet long and 5 to 6 inches in diameter. 
The most valuable quarries in Massachusetts are at Middlefield, 
Windsor, Blandford, Andover, and Chester ; in Vermont, at 
Windham and Grafton ; in New Hampshire, at Francestown, 
and Oxford ; in Orange county. North Carolina. The Frances- 
town soapstone sells at Boston at from 36 to 42 dollars the 
ton, or from 3 to 3^ dollars the cubic foot. 

Steatite often contains disseminated crystals of magnesian 
carbonate of hme (dolomite,) and brown spar; also crystals 
of pyrites and actinolite. 

Potstone is a compact steatite* Rensselaerite is another 
compact variety, found in Jefierson and St. Lawrence counties, 
N. Y., and used for inkstands.. 



162 SERPENTINE — TRAP — BASAI.T. 



8ERPBNTINB. 

This dark green rock is nsaally associated with talcose 
rocks, and often also with g^nular limestones : it often con- 
tains disseminated a foliated green variety of hornblende called 
diallage. A compound rock, consisting of diallage and feld- 
spar, has been called diallage rock or eupkotide. 

TRAP. BASALT. 

Trap is a dark greenish or brownish-black rock, heavy and 
tough. Specific gravity 2*8 — 3*2. It has sometimes a granular 
crystalline structure, and at other times it is very compact 
without apparent grains. It is an intimate mixture of feldspar 
and hornblende. It is often called greenstone ; and when con- 
sisting of albite and hornblende, it is called diorite. 

Amygdaloid (from the Latin amygdalum, an almond,) is a • 
trap containing small almond-shaped cavities, which are filled 
with some mineral ; usually a zeolite, quartz, or chlorite. 

Porphyritic trap is a trap containing, like porphyritic granite, 
disseminated crystals of feldspar. 

Basalt is a rock resembling trap, but consisting of augite 
and feldspar. It varies in colour from greyish to black. In ' 
the lighter coloured, which are sometimes denominated grey-^ 
stone, feldspar predominates; and in the darker, iron or a 
ferruginous augite. It often contains chrysolite (or olivine) in 
small grains of a bottle-glass appearance. Magnetic or titanic 
iron are also frequently present in the rock. When feldspar 
crystals are coarsely disseminated, it is called porphyritic basaU; 
and when containing minerals in small nodules, it is amygda- 
loidal basalt ; when consisting of labradorite and augite, it is 
called dolerite, 

Wacke or toadstone is an earthy basalt, or a sedimentary 
rock of trap or basaltic material. 

Both trap and basalt occur in columnar forms, as ^ the 
Giant's Causeway and other similar places. 

Trap and basalt are excellent materials for macadamizing' 
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roads, on account of their toughness. Trap is also used for 
buildings. It breaks into irregular angular blocks, and is em- 
ployed in this condition. For a Gothic building it is wdl 
fitted, on account of an appearance of age which it has. 

PORPHYRY. CLINKSTONE. TRACHYTE. 

Porphyry consists mainly of compact feldspar, with dis- 
seminated crystals of feldspar. Red or brownish-red and 
green, are common colours ; but grey and black are met with. 
The feldspar crystals are from a very small size to half or 
three quarters of an inch in length, and have a much lighter 
shade of colour than the base, or are quite white. It breaks 
with a smooth surface and conchoidal fracture. The specific 
gravity and other characters of the rock are the same nearly as 
for the mineral feldspar ; the hardness is usually a Uttle higher 
than in that mineral. 

Porphyry receives a fine poHsh, and has been used for 
columns, vases, mortars, and other purposes. Green porphyry 
is the oriental verd antique' o{ the ancients, and was held in 
high esteem. The red porphyry of Egypt is also a beautiful 
rock. It has a clear brownish-red colour, and is sprinkled 
"with small spots of white feldspar. 

Clinkstone or Phonolite is a greyish-blue rock, consisting, 
hke porphyry, mainly of feldspar. It passes into grey basalt^ 
and is distinguished by its less specific gravity. It rings like 
iron when struck with a hammer, and hence its name. 

Trachyte is another feldspathic rock, distinguished by break- 
ing with a rough surface, and showing less compactness than 
chnkstone. It sometimes contains crystals of hornblende, 
mica, or some glassy fejdspar mineral. It occurs in volcanic 
regions. 

LAVA. — OBSIDIAN. — PUMICE. 

The term lava is applied to any rock material which has 
flowed in igneous fusion from a volcano. Basalt is one kind 
of lava ; and when containing cellules, it is called basaltic lava* 
Trachyte is also a lava. There are thus both feldspathic and 
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basaltic lavas. The feldspathic are light-coloared, and of low 
specific gravity (not exceeding 2*8) ; the basaltic vary from 
greyish-blue to black, and are above 2*8 in specific gravity. 
The general term basaltic sometimes includes doleritic lava, 
v^hich is closely allied. Chrysolite is often present in basaltic 
lavas ; and they are not unfrequently porphyritic, or contain 
disseminated crystals of feldspar. 

The light cellular ejections of a volcano are called scoria or 
pumice. 

Pumice is feldspathic in constitution ; it is very porous, and 
the fine pores lying in one direction make the rock appear to 
be fibrous. It is so light as to float on water. It is much 
used for polishing wood, ivory, marble, metal, glass, &c., and 
also parchment and skins. The principal localities are the 
islands of Lipari, Ponza, Ischia, and Vulcano, in the Mediter- 
ranean, between Sicily and Naples. Both scoria and pumice 
are properly the scum of a volcano. 

Volcanic ashes are the light cinders or minute particles of" 
rock, ejected from a volcano in the course of an eruption. 

Obsidian is a volcanic glass. It resembles ordinary glass. 
Black and smoky tints are the common colours. In Mexico, 
it was formerly used both for mirrors, knives, and razors. 
Pitchstone is less perfectly glassy in its character, and has a 
pitch-like lustre ; otherwise it resembles obsidian. Pearlstone 
has a gfreyish colour and pearly luster. Spherulite is a kind of 
pearlstone, occurring in small globules in massive pearlstone. 
Marekanite is a pearl-grey translucent obsidian from Marekan 
in Kamschatka. 

AROILLACKOUS SHALB, OR CLAY SLATB. AROILLITE. 

Slate is an argillaceous rock, breaking into thin laminse; 
shale, a similar rock, with the same structure usually less per- 
fect and often more brittle ; schist includes the same varieties 
of rock, but is extended also to those of a much coarser lami« 
nated structure. The ordinary clay slate has the same consti- 
tution as mica slate ; but the material is so fine that the in- 
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gredients cannot be distinguished. The two pass into one 
another insensibly. The colours are very various, and always 
dull or but slightly glistening. 

Roofing slate is a fine grained argillaceous variety, commonly 
of a dark dull blue or bluish-black colour, or somewhat 
purplish^ To be a good material for roofing, it should split 
easily into even slates, and admit of being pierced for nails 
without fracturing. Moreover, it should not be absorbent of 
water, either by the surface or edges, which may be tested by 
weighing after immersion for a while in water. It should also 
be pure from pyrites and everything that can undergo decom- 
position on exposure. 

Roofing slates occur in England, in Cornwall, Devon, Cum- 
berland, and Westmoreland. 

In the United States, a good material is obtained in Maine, 
at Barnard, Piscataquies, Kennebec, Bingham, and elsewhere ; 
also in Massachusetts, in Worcester county, in Boylston, Lan- 
caster, Harvard, Shirley, and Peperell ; in Vermont, at Guil- 
ford, Brattleborough, Fairhaven, and Dummerston ; in Hoosic, 
New York ; on Bush creek, and near Unionville, Maryland ; 
at the Cove of Wachitta, Arkansas. At Rutland, Vt., is a 
manufactory of slate pencils from a greenish slate. 

These slate rocks are also used for gravestones; and we 
cannot go through New England cemeteries without frequent 
regret, that a material which is sure to fall to pieces in a few 
years should have been selected for such records. 

Drawing slate is a finer and more compact variety, of bluish 
and purplish shades of colour. The best slates come from 
Spain, Italy, and France. A good quality is quarried in Maine 
and Vermont. 

Novaculite, hone-slate, or whet-stone, is a fine grained slate, 
containing considerable quartz, though the grains of this 
mineral are not perceptible. It occurs of light and dark 
shades of colour, and compact texture. It is found in North 
Carolina, seven miles west of Chapel Hill, and elsewhere; 
in Lincoln and Oglethorpe counties, Georgia ; on Bush creek. 
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and near UnionviUe, Maryland ; and at the Cove of Wachitta, 
Arkansas. 

Argillite is a general term given to argSlaceous or day 
slate rocks. Many shales or argillites crumble easily, and are 
unfit for any purpose in the arts^ except to furnish a clayey 
soil. 

Alum shale is any slaty rock which contains decomposing 
pyrites, and thus will afford alum or sulphate of alumina on 
lixiviation. 

Bituminous shale is a dark-coloured slaty rock containing 
some bitumen, and giving off a bituminous odour. 

Plumbaginous schist is a clay slate containing plumbago or 
graphite, and leaving traces like black lead. 

The Pipestone of the North American Indians, was in part a 
red clay stone or compacted clay from the Coteau de Prairies. 
It has been named catlinite. A similar material, now ac- 
cumulating, occurs on the north shore of Lake Superior, at 
Nepigon bay. Another variety of pipestone is a dark greyish 
compact argillite ; it is used by the Indians of the northwest 
coast of America, 

Agalmatolite is a soft mineral, impressible by the nail, and 
waxy in lustre when polished, presenting greyish and greenish 
colours and other shades. Gr.= 2*8 — 2 '9. It has a greasy 
feel. It consists of sihca 55*0, alumina 30*0, potash 7*0, 
water 3 to 5 per cent., with a trace of oxyde of iron. It is 
carved into images, and is hence cdSleA figure-stone. 

QUARTZ ROCK. 

Quartz rock is a compact rock consisting of quartz, and oft^i 
appearing granular. Its colours are light grey, reddish, «: 
dull bluish; also sometimes brown. 

When the granular quartz contains a little mica, it often 
breaks in slabs like gneiss or mica slate. The Uacohtmite of 
Brazil, with which gold and topaz are associated^ is a mica- 
ceous granular quartz rock of this kind. 

Flexible sandstone is an allied rock of finer texture. Grao- 
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ular quartz graduates into the proper sandstones, which are 
treated of for convenience on a following page. The two rocks 
are properly parts of one series. 

Granular quartz is one of the most refractory of rocks. It 

« 

is consequently used extensively for hearthstones, for the lining 
of furnaces^ and for lime kilns. At Stafford, Conn., a loose 
grained micaceous quartz rock is highly valued for furnaces ; it 
sells at the quarry for about £S 8s. per ton.* 

Granular quartz is also used for flagging, and a fine quarry 
is opened in Washington, near Pittsfield, Mass. ; it also occurs 
of good quality at Tyringham and Lee, Mass. In the shape 
of cobble stones, it is a common paving material. 

A highly important use of this rock is in the manufacture of 
glass and sandpaper, and for sawing marble. In many places 
it occurs crumbled to a fine sand^ and is highly convenient for 
these purposes. In Cheshire, Berkshire county, Mass., and in 
Lanesboro*, Mass., it occurs of superior quality, and in great 
abundance. It is also in demand for the manufacture of glass 
and potteyy. In Unity, N. H., a granular quartz is ground 
for sandpaper and for polishing-powder ; the latter is a good 
material for many purposes. 

A fine variety of granular quartz is a material much valued 
for whet-stones. 

BUHRSTONE. 

Buhrstone is a quartz rock containing cellules. It is as hard 
and firm as quartz crystal, and owes its peculiar value to this 
quality and the cellules, which give it a very rough surface. 
In the best stones for wheat or corn the cavities about equal 
in space the solid part. The finest quality comes from France, 
in the basin of Paris, and some adjoining districts. 

The stones are cut into wedge-shaped parallelopipeds called 
panes, which are bound together by iron hoops into large mill- 
stones. The Paris buhrstone is from the tertiary formation, 
and is therefore of much more recent origin than the quartz 
rock above described. 

* Rep. on Connecticut, by C. U. Shepard, p. 78. 
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Bohrstone of good quality is abundant in Ohio, and others 
of the western states. It is associated there with proper sand- 
stones. 

The quartz rock of Washington, near Pittsfield, Mass., is in 
some parts cellular, and makes good millstones. 

A buhrstone occurs in Georgia, about 40 miles from the sea, 
near the Carolina line ; also in Arkansas, near the Cove of 
Wachitta. 

SANDSTONES. GRIT ROCKS. CONGLOMERATES. 

Sandstones consist of small grains, aggregated into a com- 
pact rock. They have a harsh feel, and every dull shade of 
colour from white, through yellow, red, and brown, to black. 
Many sandstones are very compact and hard, while others 
break or rub to pieces in the fingers. They usually consist of 
siliceous sand ; but grains of feldspar are often present. In 
many compact sandstones there is much clay, and the rock is 
then an argillaceous sandstone. 

Sandstones are of all geological ages, from the lower Silu- 
rian to the most recent period. The older rocks are in general 
the most firm and compact. The "old red" sandstone is a 
sandstone below the coal in age; while the so-called **new 
red '* is more recent than the coal. But these terms, beyond 
this particular point, are of somewhat indefinite application. 
The sandstone of the Connecticut valley is called the new red 
sandstone. 

Grit rock. When the sandstone is verv hard and harsh, 
and contains occasional siliceous pebbles, it is called a grit 
rock, or millstone grit. 

Conglomerates, Conglomerates consist mostly of pebbles 
compacted together. They are called pudding stone when the 
pebbles are rounded, and breccia when they are angular. 
They may consist of pebbles of any kinds, as of granite, quartz, 
limestone, &c., and they are named accordingly granitic, 
quartzose, calcareous, conglomerates. 

The use of sandstone as a building material is well known. 
For this purpose it should be free, like granite, from pyrites or 
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iron sand, as these rast and disfigure the structure. It should 
he firm in texture, and not liable to peel off on exposure. Some 
sandstones, especially certain argillaceous varieties, which ap- 
pear well in the quarry, when exposed for a season where 
they will he left to dry, gradually fall to pieces. The 
same rock answers well for structures beneath water, that 
is worth nothing for buildings. Other sandstones which are 
so soft as to be easily cut from their bed without blastings 
harden on exposure, (owing to the hardening of silica in the 
contained moisture,) and are quite durable. These are qualities 
which must be tested before the stone is used. Moreover, 
it should be considered that in frosty climates a weak absorb- 
ent stone 'is liable to be destroyed in a comparatively short 
time, while in a climate like that of Peru even sunburnt bricks 
will last for centuries. 

Dr. Ure observes, that '*such was the care of the ancients 
to provide strong and durable materials for their public edifices, 
that but for the desolating hands of modem barbarians, in 
peace and in war, most of the temples and other public monu- 
ments of Greece and Rome would have remained perfect at the 
present day, uninjured by the elements during 2000 years. 
The contrast in this respect of the works of modem architects, 
especially in Great Britain, [much more true of the United 
States,] is very humiliating to those who boast so loudly of 
social advancement ; for there is scarcely a public building of 
recent date which will be in existence a thousand years hence.'* 
Many splendid stractures are monuments (not endless) of folly 
in this respect. He observes, also, that the stone intended for a 
durable edifice ought to be tested as to its durability by im- 
mersion in a saturated solution of sulphate of soda, and expo- 
sure to the air for some days : the crystallization within the 
stone will cause the same disintegration that would result in 
time from frost. 

The dark red sandstone (freestone) of New Jersey and Con- 
necticut, when of fine gritty texture and compact, is generally 
an excellent building material. Trmity Church in New York 

I 
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is built of the stone from BelviOe, New Jersey. At Cbatiiam, 
on the Ccnmecticat, is a large qnarry^ which sopplies great 
qnontities of stone to the cities of the coast ; and there are 
nomerous others in the Connecticut valley, both in ConnecticDt 
and Massachusetts. A variety in North Haven, at the east 
end of Mount Carmel, has been spoken of as excellent for or- 
namental architecture. That of Longmeadow and Wilbraham, 
in Massachusetts, is a very fine and beautiful variety and is 
much used. A freesicme occurs also at the mouth of Seneca 
creek, Maryland, convenient for transportation by the Chesa- 
peak and Ohio canal ; white and coloured sandstones occur also 
at Sugarloaf Mountain, Maryland. 

The sandstone of the Capitol at Washington is from the 
Potomac ; it is a poor material. 

Sandstones that split into thin layers form excellent ^/fo^r- 
ging atones, and are in common use. 

Hard, gritty sandstones and the grit rocks are used for the 
hearths of furnaces, on account of their resistance to heat. 
Thev are also much used for millstones, and when of firm tex- 
ture make a good substitute for the bnhrstone. 

The true buhrstone has been described as a cellular siliceous 
rock, without an apparent granular texture. The buhrstone of 
Ohio approaches this character ; it is in part a true sandstone 
containing fossils in some places, and overl3ring the coal. Much 
of it contains lime ; and it is possible that the removal of the 
lime by solution, since its deposition, may have occasioned its 
cellular character. It has an open cellular structure where 
quarried for millstones. It occurs in Ohio, in the county of 
Muskingum, and the counties south and west of south, on the 
Raccoon river and elsewhere. The manufacture commenced in 
this region in 1807 ; and in Richland, Elk, and Clinton, and in 
Hopewell, the mamifacture is now carried on extensively. 
Stones 4 feet in diameter bring ^150. 

The "green sand" of the cretaceous formation contains 
grains of silicate of iron and potash, to which it owes its 
greenish tint. It occurs abundantly in New Jersey as a soft 



LIMESTONES. 171 

rocky and is mucli used for improvingjands ; a value it owes 
mostly to the alkali it contains. 

Pudding stones and breccias are fitted, in general, only for 
the coarser uses of stone, as for foundations, butments of 
bridges. Occasionally, when of limestone, they make hand- 
some marbles, as the ** Potomac breccia marble" ontheMono- 
cacey, which forms the columns in the Hall of Representatives 
of Washington. 

Porphyry conglomerates, hasaltic conglomerates, pumiceous 
conglomerates, consist respectively of pebbles or fragments of 
porphyry, basalt, pumice. 

Tufa is a sandrock consisting of volcanic material, either 
cinders or the comminuted lavas. Pozzuolana is a kind of tufa 
found in the vicinity of Rome, Italy. It consists of silica 34'5, 
alumina 15, Ume 8*8, magnesia 4*7, potash 1*4, soda 4*1, 
oxydes of iron and titanium 12, water 9*2. Peperino is a 
coarse sandrock, made up of volcanic cinders or fine fragments 
of scoria, partially agglutinated. 

LIMBSTONB8. 

Limestones consist essentially of carbonate of lime, and 
belong to the species calcite, or otherwise of the carbonates of 
lime and magnesia. They are distinguished by being easily 
scratched with a knife, and by effervescing with an acid. They 
are either compact or granular in texture : the compact break 
with a smooth surface, often conchoidal ; the granular have a 
> crystalline granular surface, and the fine varieties "resemble loaf 
sugar. 

Granular limestone. The finest and purest white crystalline 
limestones are used for statuary and the best carving, and are 
called statuary marble. A variety less fine in texture is em- 
ployed as a building material. Its colours are white, and 
clouded of various shades. It often contains scales of mica 
disseminated, and occasionally other impurities, from which 
the cloudings arise. 

The finest statuary marble comes from the Italian quarry at 

1 2 
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Camura ; from the Island of Paros, whence the name Parian ; 
from Athens, Greece; from Omofrio, Corsica, of a quality 
eqoal to that of Carrara. The Medicean Venus and most of 
the fine Grecian stataes are made of the Parian marhle. These 
quarries, and also those of the Islands of Scio, Samos, and 
Leshos, afforded marble for the ancient temples of Greece and 
Rome. The Parthenon at Athens was constructed of marble 
from Pentelicus. 

Statuary marble has been obtained in the United States^ but 
not of a quality equal to the foreign. Fine building material is 
abundant along the Western part of Vermont, and south 
through Massachusetts to Western Connecticut and Eastern 
New York. In Berkshire county, Mass., marble is quarried 
annually to the value of ^200,000 ; the principal quarries are 
at Sheffield, West Stockbridge, New Ashford, New Marl- 
borough, Great Barrington, and Lanesborough. The columns 
of the Girard College are from Sheffield, where blocks 50 feet 
long are sometimes blasted out ; the material of the City Hall, 
New York, came from West Stockbridge ; that of the Capitol 
at Albany, from Lanesboro'. At Stoneham is a fine statuary 
marble ; but it is difficult to obtain large blocks. The variety 
from Great Barrington is a handsome clouded marble. Some 
of the West Stockbridge marble is flexible in thin pieces when 
first taken out. There are Vermont localities at Dorset, Rut- 
land, Brandon, and Pittsford. In New York extensive quar- 
ries are opened not far from New York, at Sing Sing ; also at 
Patterson, Putnam county ; at Dover in Dutchess county, N.Y.; 
in Connecticut there are marble quarries at New Preston ; in 
Maine at Thomaston ; in Rhode Island at Smithfield, a fine 
statuary; in Maryland, a few miles east of Hagerstown; in 
Pennsylvania, a fine clouded variety, 20 miles from Philadel* 
phia. A fine dun-coloured marble is obtained at New Ashford 
and Sheffield, Mass., and at Pittsford, Vt. 

The granular limestone when coarse usually crumbles easily^ 
and is not a good material for building. But the finer varieties 
are not exceeded in durability by any other architectural rock. 
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not even by granite. The impurities are sometimes so abun- 
dant as to render it useless. For statuary, it is essential that 
it should be uniform in tint and without seams or fissures ; the 
liability of finding cloudings within the large blocks would 
altogether discourage their use for statuary. 

The common minerals in this rock are tremolite, asbestos, 
scapolite, chondrodite, pyroxene, apatite, besides sphene, spinel, 
graphite, idocrase, mica. 

Verde antique marble — verde antico — is a clouded green 
marble, consisting of a mixture of serpentine and limestone, 
as already described under Serpentine. It occurs at Milford, 
near Newhaven, Connecticut, of fine quality; and also in 
Essex county, N.Y., at Moria, and near Port Henry on Lake 
Ohamplain. A marble of this kind occurs at Genoa and in 
Tuscany, and is much valued for its beauty. A variety is called 
polzivera di Genoa and vert d^Egypte, 

The Cipolin marbles of Italy are white, or nearly so, with 
shadings or zones of green talc. The hardiglio is a grey va- 
riety from Corsica. 

Compact limestone usually breaks out easily into thick slabs, 
and is a convenient and durable stone for building and all 
kinds of stone work. It is not possessed of much beauty in 
the rough state. When polished it constitutes a variety of 
marbles, according to the colour; the shades are very numerous, 
from white, cream, and yellow shades, through grey, dove- 
coloured, slate blue, or brown, to black. 

The Nero-antico marble of the Italians is an ancient deep 
black marble ; the paragone is a modern one, of a fine black 
colour, from Bergamo ; and panno di morte is another black 
marble with a few white fossil shells. 

The rosso-antico is deep blood- red, sprinkled with minute 
white dots. The giallo-antico, or yellow antique marble, is 
deep yellow with black or yellow rings. A beautiful marble 
from Sienna, brocatello de Siena, has a yellow colour, with 
large irregular spots and veins of bluish-red or purplish. The 
mandelato of the Italians is a light red marble, with yellowish- 
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white qK)t8 ; it is found at Loggezaiuu At Verona, there is a 
red nuarbky indining to yellow, and anotiior with large white 
spots in a reddish and greenish paste. 

The black marhie used in the United States comes mosHj 
from Shoreham, Vt., and other places in that state near Lake 
Champlain. The Bristol marhie of England is a black marble 
containing a few white shells, and the KiOmmy is another 
similar. There are several quarries at Isle La Motte. It is 
quarried also near Flattsborgh and Glenn's Falls, N.Y. 

The portor is a Genoese marble very highly esteemed. It is 
deep black, with elegant veinings of yellow. The most bean- 
tifiil comes from Porto- Venese, and under Louis XIV. a great 
deal of it was worked up for the decoration of Versailles. 

Grey and dove-coloured compact marbles are common 
through New York and the states West. 

The bird's-eye marble of Western New York is a compact 
limestone, with crystalline points scattered through it. 

Ruin marble is a yellowish marble, with brownish shading 
or lines arranged so as to represent castles, towers, or ddea in 
ruins. These markings proceed from infiltrated iron. It is 
an indurated calcareous marl. 

Ooliiic marbk has usually a grejdsh tint, and is speckled with 
rounded dots, looking much like the roe of a fish. 

Shell marble contains scattered fossils, and may be of different 
colours. It is abundant through the United States. Crinaidtd 
or encrinital marble differs only in the fossils being mostly 
remains of encrinites, resembling thin disks. Large quarries 
are opened in Onondaga and Madison counties^ N.Y., and the 
polished slabs are much used. Madreporic marble conusts 
largely of corals, and the surface consists of delicate stars : it 
is the pietra stellaria of the Italians. It is common in Bome of 
the states on the Ohio. Fire marble, or lumaehelle, is a dark 
brown shell marble, having brilliant ^r« or ehatoyant reflectiims 
from within. 

Breccia marbles and pudding st(me warbles are the polished 
calcareous breccia or pudding stone* 
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Stalagmites and stalactites are frequently polished^ ai^d the 
variety of banded shades is often highly beautif al . The Gibraltar 
stone, so well known, is of this kind. It comes from a cavern 
in the Gibraltar rock, where it was deposited from dripping 
water. It is made into inkstands, letter-holders, and various 
small articles. 

Wood is often petrified by carbonate of lime, and occasion- 
ally whole trunks are changed to stone. The specimens show 
well the grain of the wood, and some are quite handsome 
when poli&hed. 

Marble is sawn by means of a thin iron plate and sand, either 
by hand or machinery. In polishing, the slabs are first worn 
down by the sharpest sand, either by rubbing two slabs toge- 
ther or by means of a plate of iron. Finer sand is afterwards 
used, and then a still finer. Next emery is applied of increas- 
ing fineness by means of a plate of lead ; and finally the last 
polidb is given with tin-putty, rubbed on with coarse linen 
, cloths or baggings, wedged tight into an iron planing tool. 
More or less water is used throughout the proeese. 

Quicklime* Limestone when burnt produces quicklime^ 
owing to the expubion of the carbonic acid by the heat* The 
purest limestone afibrds the purest lime (what is called fat 
lime). But some impurities are no detriment to it for making 
mortar, unless they are in excess. Hydraulic lime, which is so 
called because it will set under water, is made fi^om limestone 
containing some clay, silica, and often magnesia. The French 
varieties contain 2 or 3 per cent, of magnesia, and 10 to 20 of 
silica and alumina or day. The varieties in the United States 
contain 20 to 40 per cent, of magnesia, and 12 to 30 per cent. 
of silica and alumina. A variety worked extensively at Ron- 
dout, N.Y., a£brded Prof. Beck carbonic acid 34*20, lime 
25*50, magnesia 12*35, silica 15*37, alumina 9*13, peroxyde 
of iron 2*25. Oxyde of iron is rather prejudicial than other- 
vrise. 

In making mortar, the lime is mixed with water and silice* 
ous sand. The final strength of the mortar depends principally 
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on the formatioii of a compound between wato*, the silica (or 
sand), and the lime ; of course, therefore, the finer the sand, 
the more thorough the combination. In hydraulic lime, there 
are silica and alumina present in a thoroughly disseminated and 
finely divided state, which is favourable for the combination 
alluded to ; and to this fact appears to be mainly owing its hy- 
draulic character. Much less sand is added in making mortar 
from this lime than from that of ordinary limestone. 

Pozzuolana forms an hydraulic cement when mixed with a 
little lime and water. Similar cements may be made with 
tufa, pumice stone, and slate clay, by var3^g the proportions 
of lime; these materials consist essentially of silica and alomina 
or magpiesia with alkalies, and often some lime, and therefore 
produce th^ same result as with hydraulic limestone. 

In the burning of lime, the most common mode is to erect a 
square or circular furnace of stone, "With a door for managing' 
the fire below. An arched cavity for the fire is first made of 
large pieces of limestone, and then the fiimace is filled with 
the stone placed loosely so as to adihit of the passage of the 
flame throughout : the carbonic acid is expelled by the heat, 
and when the fires are out, the lime now in the state of quick- 
lime, or in other words, pure lime, is taken out. Great 
economy of fiiel is secured by means of what is called a per- 
petual kiln. The cavity within is best made nearly of the 
shape of an egg with the narrow end uppermost. The inner 
walls are of quartz rock, mica slate, or some refractory stone 
or fire brick, and between the inner and outer there is a layer 
of cinders or ashes, as in the iron furnace. Below are three 
or more openings for furnaces which lead into the main cavity, 
a few feet from the bottom ; and alternate with these are other 
openings at a lower level for withdrawing the lime. The lime 
is taken out below and the stone thrown in above, and this 
may be kept up without intermission as long as the kiln lasts. 
Beneath the furnaces there are also ash pits. Such a kiln is 
most convenient for being filled and emptied when situated on 
a side hill,. 
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The localities of limestone in the United States are too 
common to need enumeration. Hydraulic limestone is also 
abundant. 

Quicklime is much used for improving lands ; also for clari- 
fying the juice of the sugar cane and beet root ; for purifying 
coal gas ; for clearing hides of their hair in tanneries^ and for 
Tarious other purposes. 

SAND. CLAY. 

The loose or soft material of the surface of the earth consists 
of sand, clay, gravel, or stones, and what we call, in general 
terms, soil, or earth. These materials are either in layers or 
irregular beds. Most clay beds, and many of gravel, when 
cut through vertically, show indications of horizontal layers, a 
result of deposition, or distribution, by water. 

In geological language, these stratified deposits are often 
classed with rocks, as they graduate into true rocks, and difier 
only in the amount of cementing material. 

The ordinary constituents of earth are quartz, feldspar or 
clay, oxyde of iron, and lime ; but these vary with the source 
from whence they are derived. When the rock that has 
s^orded the soil is granite, mica slate, or the allied rocks, mica 
is usually present, as well as feldspar and quartz : so a quartz- 
ose rock will furnish siliceous gravel ; a magnesian, will give 
magnesia to the soil ; calcareous, lime ; trap, the ingredients 
of decomposed feldspar or hornblende. The material will be 
coarse or gravelly, or fine earthy, according to the nature of 
the rook, or the condition under which it is worn down, or its 
subsequent distribution by flowing waters. Besides the pro- 
minent constituents mentioned, there are small proportions of 
phosphates, nitrates, chlorides, &c., together with the results of 
vegetable decomposition ; and these comparatively rare ingre- 
dients are of great importance to growing vegetation. The 
pebbles of a soil are commonly siliceous, as this kind resists 
-wear most effectually. 

Sand is usually pulverized quartz, often with some feldspar. 
Clay is a plastic earth, consisting mainly of alumina one third 
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part, and silica (quartz) two thirds. It owes its plasticity to 
the alumina, and ceases to he called day when the proportion 
of silica is too great for plasticity. It is afforded by the de- 
composition of feldspar and all argillaoeons rocks. Oxyde of 
iron, carbonate of lime^ and magnesia are often present in 
clays. 

Sand for glass manufacture should be pure silica, free from a 
taint of iron. This purity is apparent in the clearness of the 
grains, under a lens, or their white colour. That of Cheshire 
and Lanesboro^ in Massachusetts^ is a beautiful material. 

In the mam^acture of glass, the object is to form a transpa- 
rent fusible compound, and not an opaque infusible one, as in 
pottery. This res«lt is secured by heating together to fusion, 
silica (quartz sand or flint powder) and the alkali potash or 
soda. The ingredients combine and produce a silicate of pot- 
ash or soda — ^in other words, glass. 

Besides these ingredients, lime or oxyde of lead are added for 
glass of different kinds. A small proporticm of lime increases 
the density, hardness, and lustre of glass, producing a spedfic 
gravity between 2*5 and 2*6; while with lead a still denser 
material is formed — called crystal orfUnt glass — ^whose spedfic 
gravity is from 3 to 3*6. 

From 7 to 20 parts of lime are added for 100 of silica, and 
25 to 50 of calcined sulphate or carbonate of soda ; common 
salt (chloride of sodium) may ako be employed. A good 
colourless glass has been found by analysis to consist of sSica 
76*0, potash 13*6, and hme 10*4 psorts, in a hundred. For 
coarse bottle-glass, wood-ashes and coarse sea-weed aoda^ 
called kelp, or else pearlashes, are used along with siliceous 
sand and broken glass. For a hard glass, the proportion of 
alkali is small. 

The best English crystal glass analyzed by Berthier, afforded 
59 parts of silica, 9 of potash, 28 of oxyde of lead, and 1*4 of 
oxyde of manganese. Crown glass contains, in general, less 
alkali than crystal glass, and is superior in hardness. The 
alkali, moreover, in England, is soda instead of potash. Plaie 
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glass also contains soda, and this soda (the carbonate) is pre- 
pared with great care. The proportions are 7 parts of sand, 
1 of quicklime, 2^ of dry carbonate of soda, besides cuUet or 
broken plate. 

The materials are first well pounded and sifted, and mixed 
into a fine paste ; they are then heated together in pots made 
of a pure refractory clay, until fusion has taken place and the 
material has settled. The glass is afterwards worked by blow- 
ing, or moulded^ into the various forms it has in market ; and 
it is finally annealed — or in other words, is very slowly cooled 
— ^to render it tough. A little oxyde of manganese is usually 
employed to correct the green colour which glass is apt to de- 
rive from any oxyde of iron present. But if the manganese is 
in excess, it gives a violet tinge to it. 

The following chemical distribution of glasses has been pro* 
posed : 

Soluble glass. A simple silicate of potash or soda, or of both 
of these alkalies. 

Bohemian or crown glass* Silicate of potash and lime. 

Common window and mirror glass. Silicate of soda and lime^ 
sometimes sdso of potash. 

Bottle glass. Silicate of soda, lime, alumina, and iron. 

Ordinary crystal glass^ Silicate of potash and lead. 
• Flint glass. Silicate of potash and lead ; more lead than in 
the preceding. 

Strass, Silicate of potash and lead — still more lead. 

EnameU Silicate and stannate, or antimonate of potash 01^ 
soda and lead. 

Glass was manufactured by the Fhomicians and the later 
Egyptians. According to Fliny and Strabo, the glass works of 
Sidon and Alexandria, whence emanated beautiful articles, were 
famous in their times. The Romans employed glass to some 
extent in their windows, and remains of this glass are found in 
Herculaneum. Window glass manufacture was first com* 
menoed in England in 1557. 

Sand for casting is a fine siliceous sand, containing a little 
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clay to make it adhere somewhat and retain the forms into 
which it may be moulded. It must be quite free from lime. 

Tripoli is a fine grained earthy deposit, having a dry, harsh 
feel, and a white or greyish colour. It contains 80 per cent, 
of silica, mostly derived from the casts of animalcules. It is 
valuable as a polishing material. 

Marl. Marl is a clay containing carbonate of lime. The 
material is valuable as manure. The term is also improperly 
applied, to any clayey earth used in fertilizing land. The green 
sand in New Jersey is sometimes called marl. 

Full^'s earth is a white, greyish, or greenish-white earth, 
having a soapy feel, which was formerly used for removing oil 
or grease from woollen cloth. It falls to pieces in water, and 
forms a paste which is not plastic. A variety consists of silica 
44*0, alumina 23*1, lime 4*1, magnesia 2*0, protoxyde of iron, 
20. Gr. = 2-45. 

Lithomange is a compact clay of a fine smooth texture, and 
very sectile. Its colours are white, greyish, bluish-white, 
reddish-white, or ochre-yellow, with a shining streak. Gr. = 
2*4 — 2*5. The tuesite of Thomson, a white lithomarge from 
the banks of the Tweed, is said to make good slate pencils. 

Clay for bricks is the most ordinary kind ; it should have 
slight plasticity when moistened, and a fine even character 
without pebbles. It ordinarily contains some hydrated oxyde 
of iron, which when heated turns red by the escape of the 
water in its composition, which reduces it to the red oxyde of 
iron, and gives the usual red colour to the brick. It also fre- 
quently contains lime; but much lime is injurious, as it 
renders the brick fusible. A clay is extensively employed 
at Milwaukie, in Michigan, which contains no iron, and 
produces a very handsome cream-coloured brick. About 
9,000,000 of this brick were made at that place in 1847. 

In making bricks, the clay is first well worked by the tread- 
ing of cattle or by machinery : after this, it is moulded in 
moulds of the requisite size (9f inches, by 4} and 2f ,) and 
then taken out and laid on the ground. A good workman 
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will make by hand 5000 in a day, and the best 10,000. After 
drying till stiff enough to bear handling, the bricks are trimmed . 
off with a knife when requiring it, and piled up in long walls 
for farther drying. They are then made into a kiln by piling 
them in an open manner (so that the flame and heated draft 
may have passage among them), and leaving places beneath 
for the fires. The heat is continued forty- eight hours or 
more. 

The best brick are pressed in moulds. They have a smooth^ 
hard surface. Near Baltimore, Md., bricks are thus made by 
a machine, worked by a single horse, which will mould 30,000 
bricks in twelve hours ; the bricks are dry enough when first 
ikaken from the mould for immediate burning. 

Burnt bricks were not used in England before the eleventh 
century, when they were employed in the construction of the 
abbey of St. Alban's. But they date historically as far back as 
the city of Babylon. Unbumt bricks have also been used in 
all ages. Those of Egyptian and Babylonish times were made 
of worked clay mixed with chopped straw, to prevent it from 
falling to pieces. The adobies of Peru are large sun-baked 
bricks or blocks of clay, and in that dry climate they are very 
durable. 

Clay for Fire-bricks should contain no lime, magnesia, or 
iron, as its value depends on its being very refractory. There 
is a large manufactory in the United States, at Baltimore, from 
the tertiary clays of eastern Maryland. In England a slate 
clay from the coal series is employed. 

Potter's clay and pipe clay are pure plastic clays, free from 
iron, and consequently burning white. The clay of Milwaukie^ 
from which the cream-coloured bricks are made, is much used 
also for pottery. 

In the manufacture of coarse pottery, the clay is worked with 
water ai^d tempered ; and then the required form of a pot or 
pan is given on a wheel. The ware is dried under cover for a 
while, and next receives the glaze in a cream-like state. The 
glaze for the most common ware consists of very finely pul-* 
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verized galena, mixed with clay and water. Tlie ware after 
drying again i« next placed in the kiln, which is very gradually 
heated ; the heat causes the haking of the clay, and drives off 
the sulphur of the galena, thus producing an oxyde of lead, 
which forms a kind of glass (or glaze) with the alamina. For 
a better stone ware, common salt is used^ and it is put on after 
the baking has begun. 

For the finer earthenware, a mixture of red and white lead, 
feldspar, silica, and flint-glass, is used for a glaze, the propor- 
tions differing according to the ware. The clay for this ware 
is mixed with flint powder (ground flints or sand), to render 
it less liable to contract or break, and it is worked with great 
care, and through various processes to prepare it for moulding. 
The ware is usually baked to a biscuit, before the glazing is 
put on, as in the manufacture of porcelain. 

Kaolin or porcelain clay is derived from the decomposition 
of feldspar. The foreign kaolin occurs in Saxony ; in France 
at St. Yrieux-la-Ferche, near Limoges ; in Cornwall, England ; 
also in China and Japan. The kaolin used at the Philadelphia 
porcelain works comes mostly from the neighbourhood of 
Wilmington, Delaware, 

The name kaolin is a corruption of the Chinese Kauling, 
meaning high-ridge, the name of a hill near Jauchau Fu, where 
this material is obtained. 

In the manufacture of porcelain, the kaolin, and also the 
other ingredients, are first ground up separately to an impal- 
pable powder. The kaolin is mixed with a certain proportion of 
feldspar, flint, and lime. The whole are worked up together 
in water, by mallets and spades, and well kneaded by the hands 
and sometimes the feet of the workmen. The plastic material 
is then laid aside in masses of the size of a man's head, and 
kept damp till required; the dough, as it is called, is now 
ready for the potter's lathe, (or other means,) by which it is 
moulded into the various forms of china ware. After mould- 
ing, they are slowly and thoroughly dried, and then taken to 
the kiln, for a preliminary baking. They come out in a state 
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of biscuit, and are ready for painting and glazing. The colours 
are metallic oxydes, which are put on either from a wet copper- 
plate impression on bibulous paper, or by means of a brush. 
The former is used for flat surfaces ; the paper is rubbed on 
carefully to transfer the impression to the porcelain, and is 
then wet and washed off. It is then carefully heated to 
evaporate any oil or grease employed in the printing. The 
glaze is made of a quartzose feldspar ; it is ground to a very 
fine powder and worked into a paste with water, and a little 
vinegar. The articles are dipped for an instant into this milky 
fluid, and as they absorb the water they come out with a deli- 
cate layer of feldspar in a dry state. They are touched with a 
brush wherever not well covered. They are then ready to be 
finally baked in the kiln, for which purpose each vessel is placed 
in a separate baked clay case or receptacle, called a sagger. 
In this process the material undergoes a softening, amounting 
almost to a partial fusion, and thus receives the translucency 
which distinguishes porcelain from earthen or stone ware. 

The blue colour of common china is produced by means of 
oxyde of cobalt ; . carmine, purple, and violet, by means of chlo- 
ride of gold ; red of all shades, by oxyde of iron ; yellow, by 
oxyde of lead, or white oxyde of antimony and sand; green, 
by oxyde of copper or carbonate of lead ; brown, by oxyde of 
iron, manganese, or copper. A steel lustre is produced from 
chloride of platinum. 

The best Sevres ware is made from 63 to 70 parts of kaolin, 
15 to 22 of feldspar, nearly 10 of flint, and 5 or 6 of chalk. 
In China the kaolin is mixed with a quartzose feldspar rock, 
consisting mainly of quartz, called peh-tun-tsz. 

Soapstone is sometimes used in this manufacture ; and as it 
substitutes magnesia for a part of the potash, it makes a harder 
ware ; but it is also more brittle. 
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hismuth, 125. 

nickel, 125. 

silver, 125. 

— — pyrites, 100. 
Asbest, 76. 
Asparagus stone, 121. 
Asphaltum, 78. 
Atacamite, 116. 
Augite, 68. 
Automolite, 130. 
Avanturine, 37. 
Axestone, 67. 
Axinite, 61. 
Azure copper ore, 88. 
Azurite, 122. 
Azote, 90. 

Baierine, 139. 
Baikalite, 47. f 
Baryta, carbonate, 87. 

sulphate, 108. 

Barytocalcite, 87. 
Basalt, 155, 162, 163. 
Bellmetal ore, 98. 
Beryl, 44. 

Bismuth, native, 136. 
— — arsenical, 125, 

K 
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Bismuth, sulphureti 102. 

-^^^ ochre, 137. 

Bittenpar, 84. 

Bitumen, 77. 

Bitumenized wood, 79. 

Bituminous shale, 166. 

Blacklead, 76. 

Black tellurium, 120. 

Blende, 101. 

Blowpipe, 29. 

' its effect on oxydes, 33. 

Bloodstone, 40. 

Bluespar, 122. 

Blue vitriol, 112. 

Bog iron ore, 146. 

Bole, 44. 

Bologna spar, 108» 

Boracic acid, 73. 

Borax, 73. 

Botryolite, 73.. 

Bournonite, 101. 

Braunite, 143. 

Breccia, 168. 

Brewsterite, 56. 

Brocatella de Siena, 173. 

Brochantite, 113. 

Bromine, 117. 

Bronzite, 67. 

Brookite, 138. 

Brown coal, 79. 

— haematite, 146. 

— spar, 85. 
Brucite, 130. 
Buhrstone, 167. 
Byssolite, 70. 

Cacholong, 42. 
Calamine, 72, 86. 

 electric, 72, 

Calcedony, 38. 
Calcspar, 81. 
Calcareous tufa, 83. 
Calomel, 115. 
Capolin, 173. , 

Carbon, 27, 74, 80.' 
Carbonate of baryta, 87* 
— — — copper, 88. 

^ iron, 85. 

'■ lead, 87. 

— — lime, 81. 
 ' magnesia, 85. 

— manganese, 86. 

soda, 80. 



Carbonate tf strontia^ 87. 
I zinc, 86. 

Carburetted hydrogen, 77. 
Catlinite, 166. 
Cawk, 109. 
Celestine, 107. 
Cerine, 63. 
Cerite, 63. 
Ceylanite, 130. 
Chabasite, 57. 
Chalcolite, 124. 
Chalk, 65, 83. 
Characters of minerals : — 

External, 4. 

Chemical, 29. 
Chiastolite, 51. 
Chlorite, 54, 161. 
Chloro-carbonate of lead, 116« 
Chlorophane, 118. 
Chloruret of ammonia, 115. 
— — — copper, 116. 

lead, 116. 

— ^— — mercury, ^15. 

 potassium, 115. 
— — — silver, 1 15. 

— — — sodium, 114, 

Chondrodite, 64. 
Chromate of lead, 141. 
Chromic ochre, 141. 

 iron, 141, 
Chrysoberyl, 45. 
Chrysocolle, 72. , 
Chrysolite, 45, 64. 
Chrysoprase, 40. 

Cimolite, 44. 
Cinnabar, 92. 
Clausthalite, 119. 
Clay, 177. 

 iron ore, 86, 145, 

slate, 154, 164. 

Cleavage, 13. 
Cleavelandite, 51. 
Clinkstone, 163. 
Coal, 78. 

Cobalt ochre, 147. 
Cobaltine, 104. 
Cobalt pyrites, 104. 
Coccolite, 69. 
Cologne earth, 79. 
Colophonite, 46. 
Colorados ore, 116. 
Colours of minerals, 20* 
Columblte, 139. 
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Condurrite, 127. 
Conglomerates, 1&4, 166. 
Copper, native, 147. 

 oxydes, 148. 

 pyrites, 97. 
— — ^— mica, 126. 
Coqtiimbite, 112. 
Corundum, 128. 
Crichtonite, 138. 
Cryolite, 118. 

Crystalline forms of minenls, 5. 
Cube ore, 127. 
Cube spar. 111. 
Cubicite, 57. 
Cymophane, 45. 

Datholite, 73. 
Diallage, 67, 162. 
Diailagite, 86. 
Diamond, 74. 

spar, 128. 

Diaspore, 129. 
Dichroi'te, 49. 
Diopside, 68. 
Dioptase, 72. 
Disthene, 43. 
Dodecahedrons, 6. 
Dolomite, 84. 
Double refraction, 16. 
Dysodyle, 80. 

Edelforsite, 63. 
Effervescence, 32. 
Egyptian pebble, 40. 
ElaoHte, 52. 
Electrum, 151, 
Elementary substances, 27. 
Emerald, 44. 
Emery, 128. 
Epidote, 48. 
Epsom salt, 107. 
Euchroite, 127. 
/ Euclase, 45. 
Eudyalite, 62. 
Eukairite, 119. 
Euphotide, 67, 162. 

Fahlore, 97. 
Passaite, 68. 
Patstone, 52. 
Felspar, 49. 
Figurestone, 54, 166. 
Fixed aff, 80. 



FlexibiUty, 23. 
Flexible sandstone, 166. 
Flint, 39. 
Flinty slate, 40. 
Floatstone, 37. 
Fluate of alumina, 118. 
— — - cerium, 118. 
— — lime, 117. 
Fluorine, 117. 
Fluorspar, 117. 
Fossil copal, 80. 
Franklinite, 147. 
Freestone, 169. 
French chalk, 65. 
FuUers' earth, 44, 180. 

Gadolinite, 63. 
Galena, 100. 
Garnet, 46, 54. 
Gehlenite, 48. 
GiaUo-antico, 173. 
Gieseckite; 52.. 
Gibbsite, 129. 
Giobertite, 85. 
Girasol, 41. 
Gismondine, 57. 
Glassy felspar, 51. 
Glauber salt. 111. 
Glauberite, 111. 
Gneiss, 159. 
Gold, native, 149. 
Goniometer, 12. 
Grammatite, 70. 
Granite, 154, 157. 
Granulite, 158. 
Graphic gold, 119. 
Graphite, 76. 
Green earth, 55. 

vitriol, 112. 
Grenatite, 43. 
Grey antimony, 102* 

copper ore, 97. 

Grit rock, 168. 
Grossular, 46. 
Gurhofian, 85. 
Gypsum, 109. 

Haidingerite, 103. 
Hair pyrites, 102. 
Halloysite, 44. 
Hardness of minerals, 22. 
Harmotome, 56. 
Hatchetine, 80* 
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Hauiminnite, 143. 
Hauyine, 63^ 
HetTyspar, 108. 
Hedenbiergite, 69. 
Heliotrope, 40. 
Hepatic cinnabar, 93. 
Hepatite, 109. 
Heulandite, 56. 
Highgate reiin, 80. 
Honeslate, 165. ^ 

Hornblende, 67, 69, 160. 
Homstone, 39. 
Horn mercury, 115. 
— siWer, 115. 
Hyalite, 42. 
Hyacinth, 56, 60. 
Hydrate of alumina, 129. 
"■^— — magnesia, 130. 
Hydraulic lime, 175. 
Hydrochloric add, 114» 
Hydrogen, 89. 
Hydrous oxyde of iron,. 145. 

" ^ manganese, 142. 
Hypersthene, 67. 

Icespar, 52. 
Idocrase, 47. 
Ilmehite, 138. 
Ilvai'te, 71. 
Indicolite, 49. 
Iodides, 116. 
Iodine, 116. 
lolite, 49. 
Iridium, 153. 
Iridosmine, 153. 
Iron, native, 144. 
glance, 144. 

— pyrites, 98. 

— spar, 85. 
Iserine, 138. 
Isomorphism, 28. 
Itacolnmite, 166. 

Jade, 58, 67. 
Jamesonite, 103. 
Jargoon, 60. 
Jasper, 40. 
Jet, 79. 

Kaolin, 43, 182. 
Kakoxene, 123. 
Kobellite, 110. 
Kollyrite, 44. 



Koupholite, 57. 
Kupfemickel, 125. 
Kyanite, 43. 

Labradorite, 51. 
Labrador hornblende, 67. 
Lapis lazuli, 61. 
Laumonite, 57. 
Laya, 163. 
Lead, native, 134. 

— oxydes, 134. 

— aluminate, 130. 

arseniate, 126. 

carbonate, 87. 

chloro-carbonate, 116. 

— chloruret, 116. 

— chromate, 140. 
molybdate, 140. 

— phosphate, 123. 

— sulphate, 113. 

— — sulpho-carbonate, 88. 

sulphuret, 100. 

tellururet, 120. 

Lenticular copper ore, 126. 
Lenzinite, 44. 
Lepidolite, 60. 
Leptynite, 158. 
Leudte, 54. 
Lignite, 79. 
Limestone, 82, 171. 
Lithomarge, 44, 18QL 
Lydianstone, 40. 

Maded crystals, 11. 
Magnesian limestone, 64. 
Magnesite, 66, 85. 
Magnetic iron ore, 157. 

— pyrites, 99. 

Magnetism, 26. 
Malachite, 89. 
Mandelate, 174. 
Manganese spar, 72. 
Manganesian garnet, 47. 
Manganite, 142. 
Marble, 82, 154, 171, 173. 
Marceline, 143. 
Marl, 180. 
Marmolite, 66. 
Marekanite, 53, 164. 
Mascagnine, 112. 
Meerschaum, 66. 
Mdonite, 48. 
Melanite, 47. 
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Menaccanite, 138. 
MeHilite, 42. 
Mercury, native^ 132. 
— — ^— chloruret, 115. 
— — sulphuret, 92. 
Mesotype, 55« 
Mica, 59, 160. 
Micaceous iron, 145. 
Minerals, classification, 34. 
Mineral charcoal, 78. 

oil, 77. 

— — waters, 90. 
Mispikel, 100. 
Mochastone, 40. 
Molybdate of lead, 140. 
Molybdenite, 100. 
Molybdenum, oxyde, 140. 
Moonstone, 50. 
Mountain cork, 71. 

. leather, 71. 

Muriate of sodiw 114. 
Muriacite, 111. 
Mussite, 68. 
Myargyrite, 95. 

Naphtha, 77. 
Natrolite, 55. 
Natron, 81. 
Needle ore, 102. 
' zeolite, 55. 

Nemalite, 85. 
Nepheline, 52. 
Nephrite, 67. 
Nero-ahtico, 173. 
Nickel, arsenical, 125. 
- glance, 102. 

ochre, 125. 

pyrites, 102. 
Nigrine, 138. 
Nipoli, 180. 
Nitre, 91. 

Nitrate of liine, 91. 
— — magnesia, 91. 

potash, 91. 

 soda, 91. 

Noyaculite, 165. 

Obsidian, 53, 163. 
Octahedrite, 138. 
Oliven ore, 126. 
Olivine, 64. 
Onyx, 38, 83. 
OoUte, 83. 



Opal, common, 41. 

— — precious, 41. 

Ophite, 66. 

Oriental stones, 45, 58, 128. 

Orpiment, 105. 

Orthite, 63. 

Orthose, 49. 

Osmium, 153* 

Oxyde of antimony, 135. 

— arsenic, 125. 

bismuth, 137. 

chrome, 141. 

cobalt, 147. 

copper, 148. 

iron, 145. 

lead, 134. 

— — manganese, 142. 

molybdenum, 140. 

tin, 131. 

— ^— titanium, 137. 

uranium, 141. 

— ^— zinc, l5fe. 

Palladium, 153. 
Paranthine, 48. 
Pargasitc, 70. 
Pea iron ore, 146. 
Pearlspar, 85. 
Pearlstone, 53, 164. 
Peastone, 83. 
Peliom, 49. 
Peperino, 171. 
Peridot, 64. 
Petalite, 53. 
Petrifying springs, 83. 
PhiUipsite, 57, 96. 
Pharmacolite, 125. 
Pholerite, 44. 
Phonolite, 163. 
Phosphate of alumina, 121. 

copper, 123. 

iron, 122. 

lead, 123. 

lime, 120. 

magnesia, 122. 

uranium, 124. 

Phosphorite, 120. 
Photizite, 72. 
Pinite, 52. 
Pipestone, 166. 
Pistadte, 48. 
Pitchblende, 141. 
Pitchstone, 53, 164. 



190 



imnex. 



Plagionite, 104. 
Plaster of Paris, 110. 
Platinam, 152. 
Pleonaste, 130. 
Plombgomme, 130. 
Plambaginous schist, 166« 
Plumbago, 76. 
Polarization of light, 17* 
Polybasite, 95. 
Polychroism, 21. 
PolyhalUte, 111. 
Polymignite, 138. 
Polzivera di Genoa, 173. 
Porcelain earth, 43^ 
Porphyry, 163. 
Portor, 174. 
Potstone, 65, 1(S1. 
Pozzualanb^ 176. 
Prehnite, 57. 
Pseudomalaehite, 123. 
Pseudomorphous crystals, 36. 
Psilomelane, 143. 
Paddingstone, 154, 168. 
Pumice, 53, 163. 
Pycnite, 59. 
Pyreneite, 47. 
Pyrgomme, 68. 
Pyrochlore, 138. 
Pyrolusite, 142. 
Pyromorphite, 123. 
Pyrope, 46. 
Pyrophysalite, 59. 
Pyrorthite, 63. 
Pyroxene, 68. 

Quartz, 35, 166. 
Quicklime, 82, 175. 
Quicksilver, 132. 

Bealgar, 105. 
Bed antimony, 135. 
•— — haematite, 144« ' 

— silver ore, 96. 
Bensselaerite, 161. 
Retinas^alte, 80. 
Rhaetizite,' 43. 
Rhodonite, 72. 
Rocjc crystal, 35. 

' salt, 114. 

Rocks; 154. 
Roestone, 83. 
Rose quartz, 37.  
Rosso-antico, 173:. 



RubelUte, 60. 
Ruby copper, 148. 

— oriental, 128. 

— spinel, 129. 
Rutile, 137. 

SahUte, 68. 

Sal ammoniac, 114. 

— polychrest^ 112. 
Saltpetre, 91. 
Sand, 37, 177* 

Sandstone, 37, 154, 1S6, 168. 

Sappare, 43. 

Sapphire, 49, 127. 

Sardonyx, 39. 

Satinspar, 82. 

ScapoUte, 48. 

Scheelite, 140. 

Schiererite, 80. 

SchiUerspar, 67* 

Schist, 164. 

Schori, 60. 

Scoria, 164. - 

Selenite, 109. 

Selenium, 119. 

Seleniurets, 119. 

Serpentine, 66, 162. 

Shale, 164. 

Siderose, 85. 

Silicious sinter, 42. 

Sillimanite, 43. 

Silver glance, 94. 

native, 133. 

Skotesite, 55. 
Skorodite, 127» 
Slates, 154, 160, 164. 
Smaltine, 124. 
Smaragdite, 67. 
Soapstone, 65, 161. 
Spartalite, 136. 
Spathic iron, 85. 
Specific graivity, 23. 
Specular iron, 144. 
Spessartine, 47* 
Sphene, 138. 
Spherulite, 53, 164. 
Spinel ruby, 129. 
Spodumen, 52. 
Stalactite, 83^ 
Staurotide, 43. 
Steatite, 65, 161. 
Stilbite, 56. 
Stinkstone, 83. 
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Stream-tin, 131. 
Stromeyerine, 95. 
Strontianite, 87. 
Sulphate of alumina, 107. 
— — • ammonia, 112. 

baryta, 108, 

cobalt, 113. 

- copper, 112. 
— iron, 112, 

lead, 113. 

lime, 109. 

• magnesia, 107. 

pptash, 112. 

' soda. 111. 

zinc, 113. 



, — _ ..^ . 

Sulpbo-carbonate of lead, 88. 
Sulphur, 91, 106. 
Sulphuric add, 106. 
Sulphuret of arsenic, 105. 
 bismuth, 102. 

 cobalt, 104. 

 copper, 95. 

iron, 98. 

lead, 100. 

 manganese, 100. 
mercury, 92. 

 silver, 94. 

zinc, 101. 

Sulphurretted hydrogen, 92. 
Syenite, 154, 157. 
Sylvan, 119. 

Sylvine, 114. 

Tablespar, 63. 
Talc, 59, 64. 
Talcose slate, 160. 
TantaUte, 139. 
Tellurium, native, 119. 

graphic, 119. 

black, 120. 

Tennantite, 98. 
ThalUte, 48. 
Thenarditc, 112. 
Thomsonite, 56. 
ThuUte, 48. 
TUe ore, 149. 
Tin pyrites, 98. 
Tinstone, 131. 
Titanite, 137. 
Titanium, 137. 
Toadstone, 162. 
Topaz, 58. 
Touchstone, 40. 



Tourmaline, 60. 
Trachyte, 162. 
Trap, 162. 
Tremolite, 70. 
Triphane, 52. 
TriphylUne, 123. 
TripUte, 123. 
Tufa, 83, 171. 
Tungstic ochre, 139. 
Tungstate of iron, 140. 

— lead, 140. 

 lime, 140. 

Turquoise, 122. 

Umber, 146. 
Uran mica, 124. 
ochre, 142. 

Variegated copper ore, 96. 
Vauquelinite, 141. 
Verd antique, 66, 163, 173. 
Vermilion, 92. 
Vert d'Egypte, 173. 
Vitreous copper ore, 96. 
■' quartz, 35. 

silver ore, 94. 

Volcanic glass, 53. 

Wacke, 162. 
Wagnerite, 122. 
Water, 89. 
Wavellite, 121. 
Websterite, 107. 
Wemerite, 48. 
Whetstone, 165. 
White lead ore, 87. 

vitriol, 113. 

Witherite, 87. 
Wolfram, 140. 
Wollastonite, 63. 
Wood-tin, 131. 
— copper, 126. 

Yellow ochre, 146. 

orpiment, 105. 

Yenite, 71. 
Yttrotantalite, 139. 

Zeolite, 55. 

Zinc, 72, 86, 101, 113, 136. 

Zircon, 62. 

Zinkenite, 103. 

Zoisite, 49. 
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THE FAVOURITE FIRST FRENCH BOOK FOR A CHILD. 

LA BAGATELLE: 

Intended to Introduce Children of five or six yean old to some knowledge of tlie Fremdi 
Language. Revised by Madams N. L. New and Cheaper E(Htion, much improved, 
and ombellished with eatirely new cute. 18mo^ price 2l Qd., bound and lettered. 

children : likely to command their attention hj Iti 
beaatlftil embellishment*."— Paper* /or the Sdkool- 
wuiMter. 

" A well-knoim little book, reriaed, impToved,uid 
adorned with aome very pretty new pictuea. It i%, 
indeed, French made rerr eaqr for Teiy little diil- 
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notice for teaching French, this excels them all." — 
Hant$ Jdtertiter. 

" The great merit of this Orammar undoubtedly 



is Its cleameaa aad aimpUcity of amngement.''— 
Sun. 
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easiest, and completest Grammar ever pnbli^ed.* 
— JIAicafiraa/ Cfatgtte. 
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A SYMBOLIC FRENCH AlTD ENGLISH 

TOCABTJLARY. 

For Students of every Age, in all Classes ; in which the most UseM and Common 
Words are taught by Illustrations. By L. C. Raoonot, Professor of the French 
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SYMBOLIC ANGLO-GERMAN YOCABULARY; 

Adapted ftom the above work. Edited and Revised by Falck Lebahn, Ph.Dr., 
Author of "German in One Volume," *'The German Self -Instructor,** &c. With 
850 woodcuts, and eight full page lithographic plates. 
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CaUPLBTE USRAJBiY OF THE MILITABY SCIENCES. 

27iree vdlg., royal 8vo, upwards of 500 Engraving* and Woodcuts, in extra cloth boards, 
and lettered f 41. 10s. ; or may he had in six separate parts, paper boards, 

AIDE-MEMOIRE TO THE MILITARY 

SCIENCES. 

Framed from Contributions of Officers of the different Services, and edited by a Com- 
mittee of the Corps of Royal Engineers. The work is now completed. 

*^* This work is admirably adapted as a present to the young Military Student, and 
should find a place on the shelves of every Eegimental Library. It is recommended 
to the notice of Toluateer Bifie or Artillery Coi^s. 
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In 8vo, toith 2SJlneplaUs, IBs. 6cL doth, 

THE HIGH PRESSURE STEAM ENGINE. 

An Exposition of its Comparative Merits, and an Essay towards an Improved System 
of Construction, adapted especially to secure Safety and Economy. 

By Db. ERNST ALBAN, 
Practical Machine Maker, Flau, Meoklenberg. 

TEANSLATED FBOH THE OERHAK, WITH NOTES, 

By Wm. Pole, C.E., F.R.A.S., Assoc. Inst. C.E. 
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Second Edition, imperial 8vo, price 12s. doth, 

A PRACTICAL AND THEORETICAL ESSAY 

ON OBLIQUE BRIDGES, 

With 13 large Foldiii« Plates. 

By GEORGE WATSON BUCK, M. Inat. C.E. 

Second EditioD, corrected by "W, IX. Barlow, M. Inst. C.B 
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Second Edition, in ISmo, doth, St., 

A SYNOPSIS OP PRACTICAL PHILOSOPHY. 

ALPHABXTICALLT AB&ANOED, 

containing a great variety of Theorems, Formnlse, and Tables, from the most aoconie 
and recent authorities, in yarious branches of Mathematics and Natural Philosophy: 
to which are subjoined small Tables of Logarithms. Designed as a Mannal for 
Travel) ei-s. Architects, Surveyors, Engineers, Students, Naval Officers, and other 
Scientific Iden. 

By the Rbv. JOHN CAER, M.A., 
Late Fellow of Trinity College, Cambridge. 

*ii* Sib John Macniel, G.E., a good authority, recommends this work to his pupils 
and friends. 

KIGHOLSON'S CABPENTEB'S OTTIDE and FYKE'S BULES on BBAWna 

A New Edition, with 74 plates, 4to, price 11. It. cloth, 

THE CARPENTER'S NEW GUIDE; 

Or, Book of Lines for Carpenters. Comprising all the Elementary Principles essentiai 
for acquiring a knowledge of Carpentry, founded on the late FETEK NICHOI^N'S 
standard work. 

A New Edition, revised by Arthur Ashpitel, Aix^., F.S.A. ; 

TOGBTHER WITH PRACTIOAL RULES ON DRAWING, 

By George Ptne, Artist. 



DEHPSETS PBACnCAL BAHWAT XNOINSEB. 

In One large Vol ito, price 21. 12t. 6d. cloth, 

THE PRACTICAL RAILWAY ENGINEER. 

A Concise Description of the Engineering and Mechanical Operations and Stmetnm 
which are combined in the Formation of Railways for Public Traffic ; embracing u 
Account of the Principal Works executed in the Construction of Railways to the Pn> 
sent Time ; with Facts, Figures, and Data, intended to assist the Civil Engineer ii 
designing and executing the important Details required for those Great Public Worki. 

By G. DRYSDALE DEMPSEY, CivU Engineer. 

Fourth Edition, revised and greatly extended. 

With 71 double quarto plates, 72 woodcuts, and Portrait of Geobqe Stxphensok. 



1 Cuttingi 

2 — 4 Earthworks, excarating 

5 Ditto, embanking 

6 Ditto, wagKons 

7 Drains under bridges 

8 Brick and stone culTerta 

9 Pared crossings 

10 Railway bridges, diagram 

11—14 Bridges, brick and stone 

15—16 Ditto, iron 

17—21 Ditto, timbiY 

S3 Centres for bridges 

S3— W "Pont de Montlouis* 

28 "Pont da Cher" 

39 Suspension bridge 

30 Box-girder bridge 

81 Trestle bridge and Chepstow 

bridge 
t2 DetaiU of Chepstow bridge 



LIST OF PLATSS. 

33 Creosoting, screw-piling, &c. 

34 Permanent way and rails 

35 Ditto, chain 

36 Ditto. fiBh-jolnts, &e. 

37 Ditto, fish-joint chairs 

38—9 Ditto, cast-iron sleeper8,&e. 

40 Ditto, Stephenson's. Brunei's, 

Heman's, Macneill's, and 
Dockray*s 

41 Ditto, Crossings 

42 Ditto, ditto, details 

43 Ditto, spring-crossings, ftc. 

44 Ditto, turn-table 
45—4 Terminal station 
47-^9 Stations 

60 Goods stations 

51 Polygonal engine-honse 

52 Engine-hoase 



63 Watering anpnratns— 



Details of puwpi 



(A.) Tanks 

54 Ditto, (B.) Detail 

55 Ditto, (C.) DetAilaofengibCS 

56 Ditto. (D.) Cranes 

57 Hoisting machinerjr 

58 Ditto, details 

59 Traversing platform 

60 Ditto, details 

61 Station-roof at King's Croa 

62 Ditto, Liverpool 

63 Ditto. Birmingham 
64-^ Bailway Carriagres 
66 Ditto, detaUf 

67—8 Badway Trucks and whedi 

69 Iron and ooTCred waggons 

70 Details of brakes 

71 Wheels and details 

72 Portrait 
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BAJKLOW OK THE STBENOTH OF HATERIALS. 

With Nine lUuarations, 8vo, 16t. doth, 

TREATISE ON THE STRENGTH OF TIMBER, 

CAST IBON, MALLEABLE IBON, 

And other Materials ; with Rales for Application in Architeotare, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the Powers of Locomotive 
Engines on horizontal planes and gradients. 

By PETER BARLOW, F.R.S., 
Hon. Member Inst. Civil Engineers, &e. 

A New Edition by J. F. Hbathbr, M.A., of the Royal Military Academy, 

Woolwich. 

WITH AN BSSAT ON THE EFFECTS PRODUCED BT OAUSINQ WEIGHTS TO TRAVEL 

OVER ELASTIC BARS. 

By Prof. Willis, of Cambridge. 



OBEGOBTS HATHEXATICS, BT LAW. 

TJdrd I^iiictn, in Bvo, wUh 18 Plates, very neatly haJtf-bound in fnoroeeo, II. 1<. 

MATHEMATICS FOR PRACTICAL MEN. 

Being a Common Place Book of Pure and Mixed Mathematics, designed chiefly for the 

use of Civil Engineers, Architects, and Surveyors. 

By OLINTHUS GREGORY, LL.D., F.R.A.S. 
Third Edition, revised and enlarged by Henrt Law, Civil Engineer. 

GONTKNTS. 



FART I.— PURE MATHEMATICS. 

Chapter I. Arithmetic— Chap. II. Aljcebrau— Chap, 
ill. Geo nietiy.— Chap. IV. Mensuration.— Chap. 
"V. Trigonometry.— Chap. VI. Conic Sections.- 
Chap. VII. Propertiei of Carres. 



PART 11.-MIXED MATHEMATICS. 
Chapter 1. Mechanics in General. — Cbap 1 1. Sta- 
tics.— Chap. HI. UTnamics.— Chap. IV. Hvdrostap 
tics.— Chaii. V. HydrodTnamics.— Chap. VI. Pneu- 
matics.— Chap VII. Mechanii-sl agents.— Chap. 
VIII. Strength of Materials.— Appendix of Taulea. 



A COMPLETE BOBT OF HITSBANBBT, BT TOTTATT. 

Tenth Editionf much enlarged, ttnih numerous Engravings, 8«o, price \2$. cMh, lettered, 

gUt back. 

THE COMPLETE GRAZIER, 

AND FARMER'S AND CATTLE BREEDER'S ASSISTANT. 

A Compendium of Husbandry : containing full instructions on the breeding, rearing, 
general management, and medical treatment of every kind of stock, the management 
of the dairy, and the arrangement of the farm offices, &c.; description of the newest 
nnd best agricultural implements ; directions for the culture and management of grass 
land, and of the various natural and artificial grasses , draining, irrigation, warping, 
manures, &c. 

By WILLIAM YOUATT, Esq., V.S., 
Member of the Royal Agri. Soc. of England; Author of " The Horse, " " Cattle, " Ac. 
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THE COKSAT EA8TEBH ABB JBffM flHIFS UT OBHERAIi. 

Second Edition, Atltu of Plata, leith teparxUe text, price IL 5m., 

ON IRON SHIP-BUILDING. 

With Practical Examples and Details, in Twenty-four Plates, includiner three of the 
Great Eaetem, together with Text containing Descriptions, Explanations, and General 
EemarkSi for the use of Ship-owners and Ship-builders. 

By JOHN GRANTHAM, C.E., 

Consulting Engineer and KateI Architect, LiTerpool. 

*^* A work on the construction and build of Ships, by the application of Iron, has 
become now of the utmost importance, not only to Naval Architects, but to Engineen 
and Ship-owners. The present Work has been prepared, and the subjects drawn, in 
cieration, plan, and detail, to a scale useful for immediate practice, in a folio size, 
with figured dimensions, and a small Tolume of text (which may be had separatelf, 
price 28, Gd.) 

DISCBIPTION OF PLATES. 

1 Hollow and bar keels, item and stern posts. 

3 Side firames, flooring*, and bilf e pieces. 
S Floorinas continued — keelsons, deck beams, 

Kunwales, and strincers. 

4 Gunwales continued^lower decks, and orlop 

beams. 

5 Angle-irou, T Iron^ Z iron, bulb iron, as rolled 

for iron ship-buildmy . 

6 Rivets, shown in section, natural sice, flush and 

lapped joints, with single and .double rivetinir. 

7 Platin|(, tliree plans, bulidieads, and modes of 

seeunng them. 

8 Iron masts, with longitudinal and transrerse 

sections. 

9 Sliding keel, water^ballast, monlding the frames 

in iron ship.building, levelling-plates. 

10 Lonfcitudinal section, and balf-breadth deck 

plans of large veesels, on a redured scale. 

11 Midship seetions of three vessels of different 

sises. 

IS Larfg vu9el, showing details— Fore-eiwI in sec- 
tion, and end Tiew with stem posts, crutches, 
deck beams, ftc. 

13 Larg* ve$$*l, showing details— 4^tor-«N({ in sec- 



tion, with end view, stem frame for screw, and 

rudder. 
14 Larg0 r«s«eZ, showing details— If uicAsp tfctin, 

half-breadih. 
13 Machines for punching and shearinK plates asd 

aogle-iron, and for bending plates ; rivet 

hearth. 

16 JfacAtaet. — Garforth's rireting macliiDe, diilllB; 

and counter ainyinj^ machine. 

17 Jir fiinutet for heitfiag plates and angle ircn ; 

various tools used in riveting and plating. 

18 Gawsak, keel, and flooring; plan sor shnithtnf 

iron ships witb copper. 

19 Illustrations of the magnetic condition of Tarioua 

iron ships. 

20 Gray's floating eompaas and binnacle, with sd< 



Justing magnets. 
21 Co 



orroded iron bolt in frame of wooden dup; 

eaulking joints of plates. 
S3 Oreat Eaatem, — Longitndinal aectiona ani 

breadth plans. 
23 Great £a«trra.— Midship section, witb details. 
M Great fMfsm.— Section in engine room, and 

paddle boxes. 



BEADT BECKONEB, INCLTTDINe FBACnONAL PABTS OF A POTJIH) 

WEIGHT. 

24mo, lt.'6d. cloth, or 2s. eircngly hownd in leather, 

THE INSTANT RECKONER. 

Showing the Value of any Quantity of Goods, including Fractional Parts of a Found 
Weight, at any price from One Farthing to Twenty Shillings : with an Introduction, 
embracing copious Notes of Coins, Weights, Measures, and other Commercial and 
Useful Information ; and an Appendix, containing Tables of Interest, Salaries, Com- 
mission, &c. 

 

SIMMS OS LEVELIIKe. 

Fourth Edition, with 7 plates and numerous woodcuts, Bvo, Ss. 6d., cloth. 

A TREATISE ON THE PRINCIPLES AND 
PRACTICE OF LEVELLING, 

Showing its application to purposes of Railway and Civil Engineering, in the 
Construction of Roads, with Mt. Telford's Rules for the same« 

By FREDERICK W. SIMMS, F.G.S., M. Inst. C.B. 

Fourth Edition, with the addition of Mr. Law's Practical Examples for setting out 

Railway Curres, and Mr. Trautwlne's Field Practice of Laying out Circular Carves. 
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MOST TrSSFUIi W<AK TGR GOaKIST eSlTCLBIDEN, 7AB1IEBS, 

LAND AGENTS, &c. 

New Sditiorif vfUh Additions and CometUmSf price U., strongly bounds 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables, on a very much improved Han, for Calculating the Value of Estates. 
To "Which are added, Tables for reducing Scotch, Irish, and Provincial Cnstomary Acres 
to Statute Measure ; also. Tables of Square Measure, and of the various Dimensions of 
an Acre in Perches and Yards, by -which the Contents of any Plot of Ground may be 
aacertafaied withcfut the expense of a regular Survey, Miscellaneous Information on 
English and Foreign Measures, Specific Gravities, &c. 

By R. HUDSON, Civil Engineer. 



"This new edition incltides tables for ascertain- 
ing the value of leases for any term of years; and 
for showing bow to lay out plots of ground of 
certain acres in forms, square, xoond, &c., with 



▼alasble rules for ascertaining the probable worth 
of standing timber to any amount : and is of incal- 
culable Talne to the country gentlemaa and profes- 
sional num."— Par 0ie>'« JounuiL 



nrwooB's tables. 

SevmteaUh Edition, l^o, cloth, 7f ., 

TABLES FOE THE PURCHASING OP ESTATES. 

Freehold, Copyhold, or Leasehold, Annuities, Advowsons, &c., and for the renewing 
of leases held under cathedral churches, colleges, or other corporate bodies, for terms 
of years certain, and for lives ; also, for valuing reversionary estates, deferred 
annuities, next presentations, &c., the Five Tables of compound interest, the Govern- 
ment Table of Annuities, and an extension of Smart's Tables. 

By WILLIAM INWOOD, Architect. 

The Seventeenth Edition, with considerable additions, and. new and valuable Tables of 
Logarithms for the more difficult computations of the Interest of Money, Discount, 
Annttities, &c., by Mons. Fedob Thoman, of Ihe Soci^t^ Credit Mobilier, Paris. 



NOBHANBTS COMKEBCIAL HANDBOOK. 

In post 8vo, iUvstrea^ tri^A woodctOSj price 128. 6d, hcmdt9indy bownd in clstk, 

THE 

COMMERCIAL HANDBOOK OF CHEMICAL 

ANALYSIS ; 

Or, Practical Instructions for the Determination of the Intrimric or Gonunercial Talue 
of Substances used in Manufactures, in Trades, and in the Arts. 

By A. NORMANDY, 
Author of ** Practical Introduetian to Rose's Chemistry,'* and Editor of Bose's 

" Treatise of Chemical Analysis." 



" We recommend this book to the careful perusal 
of every one; it may be truly affirmed to be of ubI- 
versal interest, and we strongly recommend it to 
our readers as a guide, alike indispensable to the 
housewife as to the phormaeeutical practitioner.'*-- 
Medical Timet. 

" A truly practical work. To place the unscien- 
tific person in a position to detect tliat which might 
ruin him in character and iortaiie,the present work 
will prove highly valuable. No one can peruse this 
treatise without feeling a deaire to acquire further 



and deeper knowledge of the enticing science of 
efaemieal analysis." — Eapontvr. 

" The author has produced a volume of surpassing 
interest, in which ne descijibes the character and 
properties of 400 different articles of commerce, the 
substances by which they are too frequently adulte- 
rated, aod the means of their detection."— iftHtiHr 
Jowrnal. 

"l%e very best work on the subject the English 
press has yet produced."— JtfccikamM' UagoMtu. 
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K0BMAHBT8 CHBMIOAL ATLAS AHD DICmOHABIES. 

3%i AOat, obhngfoUo, eUdh limp, IL 1<.. tJu jyietionaria, pott Bvo, 7t. 6dL, cloth ^ 
or, AtUu and jHetionaries together, U. 8«. doth. 

THE CHEMICAL ATLAS; 

Or, Tablet, showing at a glance the Operations of Qualitative Analysis. With Prae- 
tioal Obseryations, and Copious Indices of Tests and Be-actions ; accompanied by a 
Dictionary of Simple and of Compound Substances, indicating the Tests by which 
they may be identified ; and a Dictionary of Re-agents, indicating their preparattoa 
for the Laboratory, tiie means of testing their purity, and their behaTiour with 
Substances. 

By A. NOEMANDY, 
Author of '* The Commercial Handbook of Chemical Analysis," &c., &e., and Editor 

of H. Rose*8 ** Treatise of Chemical Analysis." 

"TaUM inch aa tbe«e, like Maps and Cbaita. are 
more eloquent than the clearest proae aUtemeot. 
It is tke moat elaborate and perfect work of the 
kind that we are acqoainted with."— JfecUaiei' 



"vTlA work glyea eridenee of the author beinc 
perfect maater of the taak he has undertaken, and 
win no doubt occupy a place in the librarjr of every 
chemical student and analyst."— Jfima^ Jwumal. 

"Sereral works on chemical analysis have for 
many years held a high position in the estimation 
of the scientific chemist. The work before us will 
be found in our opinion fhr more useftil to the 
student of analysis, nay more^ to the practitioner. 
The directions are more minute, and the number of 
cases introdaced infinitely more varied. There is 
scarcely a possible case wnich the author has not 
proTided for. From a carefol examination we are 
able to aay that any person possessed of a alight 



knowledjce of chemical manipulation, may, by 
means of the Atlaa and Dictionaries aoon make 
himself a proficient analyst. Kvefjone wbo stadiea 
the Atlas must be impressed with tke masnitude <rf 
the author's labour, and the vast extent to which 
he has economised the time and trouble of tlioee 
who avail themaelTes of his flrlendly aaaiataBoe."— 
Tke CktmUt. 

'"Normandy's Chemical Atlas* for coukprdieB- 
siveness and completeneas fkr snnassea anythinr 
of the kind hitherto published. I feel conTineed 
that the student may with the aid of the Dictfon- 
aries. with which the Atlas is accompanied, soe- 
cessfuUy and alone undertake the *T«™i»ff>i^Tn of 
the most heteroreneous mixture, whether composed 
of ornnic or inorganic substances, or of both 
combtned.**— fimry M. tfoad, F.tt.S., Lecturer ee 
Ckeauatrjf at St. Geor§^t Hotfital. 



By the tavM Author, eroton 8t>9, price is. 6d., doth, 

THE FARMER'S MANUAL OF AGRICUL- 
TURAL CHEMISTRY; 

With Instructions respecting the Diseases of Cereals, and the Destruction of the 
Insects which are injurious to those plants. Illustrated by numerous woodcuts. 

"This work will be found of incalculable value [ "B^ far the best attempt to supply a treatise of 
to the Farmer. We have perused it with much a limited kind on the chemical analysisof the ma* 
interest, and have no hesitation in recommending terials with which the agriculturist is coDcemed; 
it to the notice of every farmer, who vrill find it an the instructions are very satisfectory. and are 
excellent guide in all questions of Agricultural accompanied bv illustrative firazes of the neceaaary 
ChmaiMtxjr-'JgrkeUwrul Megtuine, apparatus."— ^fMrdsM JemrnM, 



SFOOHEB OK SHEEP. 

Second Bdition, 12mo., 6$. cloth, 

THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF THE SHEEP. 

In Three Farts. Illustrated with fine Engrayings from Drawings by W. Hakyey, Esq. 

Br W. C. BPOONER, V.S., 

Member of the Coancll of the Koyal College of Veterinary Surgeons ; Honorary Asso- 
ciate of the Veterinary Medical Association ; Author of ** Treatise on the Influenza," 
and the " Structure, Diseases, &c.,- of the Foot and Leg of the Horse ;" Editor of 
White's "Cattle Medicine,'* and White's "Compendium of the Veterinary Art.»» 

"The name of Mr. Spooner, who is a distin- 1 to their libraries: and, as a work of refetenc^ it 
guished member of his Profession, is a sufficient I ought to be in the possession of all Sheep Fann. 
guarantee tor the Accuracy and usefVilnets of its crs."— ffardeaeriT Chronid*. 
contents. Farmers' clubs ought to add this work 1 
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HOAB'S ELECTSICITT. 

Fourth Edition, entirely re-written, in One Volume, iUuaraied hy 500 tooodcuts, Bvo; 11, 4«. 

elotfi^ 

A MANUAL OP ELECTRICITY. 

Including Galyanism, Magnetism, Dia-magneti^m, Electro-Dynamics, Magno- 

Electricity, and the Electric Telegraph. 

ByHENEY M. NOAD, Ph.D., PCS., 
Lecturer on Chemistry at St George's Hospital. 
Or in Two Parts : 
Part L, Electricity luid Galvanism, 8vo, 16«. cloth. 
Part II. Maonetisk and the Electric Teleobaph, 8yo, 10«. Od, cloth. 



'This publication full/ bears out its ^ 
[annal.*^ It discusses in a satisfactory 



title of 
Mannal.*^ It discusses in a satisfactory manner 
electricity, frictional and voltaic, thermo-electri- 
city, and electro-physiology. To diffuse correct 
'views of electrical science, to make known the 
laws hj which this mysterious force is regulated, 
-which IS the intention of the author, is an impor- 
tant tMk."—Atketutum. 

"Dr. Noad's Manual, in some departments of 
^^bich he has had the counsel and assistance of Mr. 
Ifaraday, Sir William Snow Harris, Professor Tyn- 
dall, and others, sivini^ an additional sanction and 
interest to his work, is more than ever worthy of 
being received with favour by students and men of 
science. The style in wh'ch it is written is very 
e xact and clear.'*— W^erary Gaxette. 

" Dr. Noad's 'Manual of Electricity' has for seve- 
ral years ranked as one of the best popular treatises 
on this subject, by an excellent methodof arrange- 
ment, and a clear and axrecable style, he introduces 
the student to a soand elementary knowledge of 
eTery department of electrical science."— ^£/<r«. 

"This is a work of great merit, and is creditable 
to the scientific attainments and philosophical re- 
search of the author. Too much praine cannot be 
bestowed on the patient labour and unwearied 
application wluch were necessary to produce a 
ivork of such absorbing interest to tne whole 



trading and commercial community."- £({Mcaftoital 
Gatette. 

"On the subject of electricity, it is a service 
second only to discovery, when one competent for 
the ask undertakes to sirt and r' construct the old 
materials, and to bring tOKether and incorporate 
them with all that is important in the uew. Such 
a service I ir. Noad has performed in his ' Manual 
of K lectricit y.'" Chambera' Journal 

"As a workof reference, this 'Manual 'is particu- 
larly valuable as the author has carefully recorded 
not only his mt'horitiet, but, when necessarjr, the 
wordi in which the writers have detailed their ex- 
periments and opinions."— itf«eAante«' Mauazine, 

"Among the numerous writers on the attractive 
and faRcmating »ubject of electricity, the author of 
the present volume has occupied our beat atten- 
tion. It is worthy of a place iu the library of 
every public institution, and we have no doubt it 
will he deservedly patronised by the scientific com- 
munity ."— Mininif Journal. 

"The commendations already bestowed in the 
pages of the Lancet on former editions of this work 
are more than ever merited by the present. The 
accounts given of electricity and galvanism are not 
only complete in a scientific sense, but, wliich is a 
rarer thing, axe popular and interesting."— LaiMet. 



TBEB60LD ON THE STBEITOTH OF IBOH, &c. 

Fourth BdUion, in Two Vcli., 8vo, II. 4s., boards (either Volume may he had separaidy), 

A PRACTICAL ESSAY ON THE STRENGTH 
OP CAST IRON AND OTHER METALS ; 

Intended for the assistance of Engineers, Iron.Masters, Millwrights, Architects, 
Founders, Smiths, and others engaged in the construction of machines, buildings, 
&c. ; containing Practical Kules, Tables, and examples founded on a series of new 
experiments ; with an extensiye table of the properties of materials. 

By THOMAS TREDGOLD, Mem. Inst. C.E., 

Author of " Elementary Principles of Carpentry," ** History of the Steam Engine," 
Sec. Illustrated by several engravings and woodcuts. Fourth Edition, much 
improved and enlarged. By Eatok Hodgkinsok, F.K.S. 

HODOEINSON'S SESEABCHES ON IBON. 

*♦* Vol. n. of the above consists of EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAnT IRON : with the development of 
new principles ; calculations deduced from them ; and inquiries applicable to rigid 
and tenacious bodies generally. By Eaton Hodokutoon, F.R.S. With Plates and 
Diagrams, 8vo, lis, boards. 
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BOGXBs car mvs webbaleowy. 

With 20 (XtrtfuUy-prepared eopper-pUxtes. 9ne Vol., Svo, 12. 5i., chOL 

AN ELEMENTARY TREATISE ON IRON 

METALLURGY, 

Up to the Manufacture of Puddle Bars, built upon the Atomic System of Philosophy ; 
the elements operated upon being estimated according to Dr. WoUaston's Hydrogen 
Scale of Equivalents ; comprising suggestions relative to important Improvement in 
the Manufacture of both Iron and Steel, and the conduct of Extensire Iron Worlds ; 
with Analytical Tables of Iron-making Materials. 

By SAMUEL B. ROGERS, of Nant-y-Glo, 
Inrentor of Iron-Bottoms to Puddling-Fumaces, and of tiie present system of pre- 
paring Coke, in Double or Single Orens. 

"I do not hesitate to s«t th&t Mr. Bo^en's work 
on Iron Metallurfv i«, Deyond coiupariaon, the 
most complete combination of science and sound 

Sractice that has yet apiicared on iron."— Dai4d 
Iwthet. 

" A volame which ought to he at hand in every 
Iron Works in the kingdom, and in the possession 
of every Ironmaster." — Wolverhampton Chronicle. 
"Mr. Bofers does not come before the public aa 



an untried theoiiBt, for oae of Ids wpentiflBi Ins 
been adopted generally tkra«she«t the Iron Uaas- 
fartories of the world, and with fa""'**''^^ advaatage 
to Ironmasters."'— firwtol Timu. 

" A remarkaUte book. Its autlHir la, evidently, 
a man of practical experienoe, «od of no mcta 
scientific attainments, who hats made the quectioB 
on which he writea the busineas and wibmiw 9t lus 
Iire."-fi<i#mMtr« JdrertiMr. 



PYNE*S BULES FOB JUBAWISQ. 

In 4.to, tinth 14 plcUes, in JiaJ/ cloth boards, ?£. 6d. 

PRACTICAL RULES ON DRAWING, 

FOR THE OPEEATIVE BUILDER AND YOUNG STUDENT IN 

ARCHITECTURE. 

By GEORGE PYNE, 
Author of " A Rudimentary Treatise on Perspectire for Beginners." 

COMSBiriS. 

1 Fmctlcal Rnles on Drawing,— On tUnes. I 4 Practical Boles on Light and Shade. 

2 Pitto.— the Grecian and Roman Orders. I i Practical Rales on Colour. 

3 P cactical Rules on Dntwing^^Perapeothe. 1 &o. &c. 



BOBSON and eABBETT'S faUJOSSTB OTTEBE. 

In One VoL, Bvo, extra cloth, 9s. 

THE STUDENT'S GUIDE 

TO THE PRACTICE OF DESIGNING, MEASURING, AND VALUING 

ARTIFICERS' WORKS; 

Containing directions for taking Dimensions, abstracting the same, and bringing the 
Quantities into Bill; with Tables of Constants, and copious memoranda for the 
Valuation of Labour and Materials in the respective trades of Bricklayer, and' Slater, 
Carpenter and Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. With 43 plates and woodcuts. The 
Measuring, &c., 

Edited by EDWARD DOBSON, Arctitect and Surveyor. 

Second Edition, with the Additions on Designs 

ByE. LACY GARBETT, AroMtect; 

Together with Tables for Squaring and Cubing. 
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GOTTA0ES, VILLAS, AlTD COJnSPmr HOTTSES. 

In 4ito, 67 Plates, 11, Is. clotlij 

DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS, AND COUNTRY HOUSES. 

Being tlie Studies of Eminent Architects and Builders, consisting of plans, elevatk>n8, 
and perspective yievrs ; with approximate estimates af the cost of each. 



BTBFS TEXT BOOK FOB ABCmXEGTS, ENGINEEBS, 8TJBVEYQBS, &c. 

In One large thick Vol Svo, vnth nunieroiLs engravijigs, 11. Zs. 

A GENERAL TEXT BOOK, 

For the constant Use and Eeference of Architects, Engineers, Surveyors, Solicitors, 
Auctioneers, Land Agents, and Stewards, in all their several and varied professional 
occupations ; and for the assistance and guidance of country gentlemen and others 
. engaged in the Transfer, Management, or Improvement of Landed Property, con- 
taining Theorems, Formulae, Kules, and Tables in Geometry, Mensuration, and 
Trigonometry ; Land Measuring, Surveying, and Levelling ; Eailway and Hydraulic 
Engineering ; Timber Measuring ; the Valuation of Artificers* "Work, Estates, Lease- 
holds, Lifeholds, Annuities, Tillages, Farming Stock, and Tenant S.ight ,* the Assess- 
ment of Parishes, Eailways, Gas and Water Works ; the Law of Dilapidations and 
Nuisances, Appraisements and Auctions, Landlord and T^iant, Agreements, and 
Leases. Together with Examples of Villas and Country Houses. 

By EDWARD RTDE, Civil Engineer and Land Surveyor, 
Author of several Professional Works. 

To which are added several Chapters on Agriculture and Landed Property, 

By Professor Dokaldson, 
Author of several Works on Agriculture. 

OOKTElirrB. 



Chapter I. Arithmetic— Chap. II. Plane and So- 
lid Qeometrjr.—Cbap. III. Menivtration.— Chap. 1 V. 
Trisonometry.— Chap. V. Conic Sections.— Chap. 
VI. Land Measuring.— Chap. VII. Land Surveyiug. 
—Chap. YIII. Levelling.— Chap. IX. Plotting.— 
Chap. X. Computation of Areas.- Chap. XI. Copy- 
ing Maps.— Chap. XII. Railway Surveying.— Cfaap. 
XIII. Colonial Surveying,— Chap. XIV. Hydrau- 
lics in connection with Drainage, Sewerage, and 
"Water Supply.— Chap. XV. Timoer Measuring.— 
Chap. ZYI. Artificers' wQrk.-Chap. XVII. VAfua. 



tion of Estates.— Chap. XVIII. Valuation of Til- 
lage and Tenant Risht.— Chap. XIX. Valuation ot 
Parishes.— Chap. Xx. Builder's Prices.— Cliap.XXI. 
DilapidarioDs and Nuisances.— Chap. XXIl. TLe 
Law relating to Appraisers and Auctioneers.— Chap. 
XXIII. Landlord and Tenant.— Chap. XXIV. 'i r.- 
bles.— Chap. XXV. Stamp Laws.— Examples of Vil- 
las and Country Houses. 

APPENDIX ON LANDED PROPERTY, by 
PBOifxasoB DoRALOBOH, in Eight Chapters. 



WHEELERS ATTCnONEEBS^ ftc, ASSISTANT. 

24mo, cloth boards, 2«. 6d. 

THE APPRAISER, AUCTIONEER, AND 
HOUSE-AGENT'S POCKET ASSISTANT, 

For the valuation, purchase, and the renewing of Leases, Annuities, Beversians, 
and of Property generally ; prices for inventories, with a Guide to determine the value 
i)i the interiors, fittings, furniture, &c. 

By JOHN WHEELEE, Valuer. 
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WORKS PUBLISHED BY LOCKWOOD k CO. 



TEXPUEIOH'B W0BK8H0P OOXFAHIOH. SIXTH BDITION. 

In 12mo, price 5t., bound and letttred, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, 

And THE SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT; oomprisiog a 
great rariety of the most uaeAil Bales in Mechanical Science, divested of mathema. 
tical complexity ; with nomerous Tables of Practical Data and Calculated Besolt^ for 
facilitating Mechanical and Commercial Transactions. 

By W. TBMPLBTON, 
Author of ** The Engineer's Common.Place Book,'* &c fte. 

Sixth edition, with eleven plates and the addition of Mechanical Tables for the use of 
Operative Smiths, Millwrights, Engineers, &c., and practical directions for the 
Smelting of Metallic Ores. To which also have been now added sereral usefol and 
practical Bales in Hydraulics and Hydrodynamics, 'and an account of Dundas's Steam 
Hammer. 

OOMTENTS. 



Oeometrf— Oeometrr applied to M»cliaiiie>— De- 
cinuil Arithmetic — • MenBuration — Initrumental 
Arithmetic — Commercial Tables— Strength of Ma- 
teriaU-Mechaiiie Power*— Coutiauous Circular 



Motion— Friction— Propertiei of Water aad Air- 
Steam Ensine BoUers— Dundaa'a Steam Hawimw 
— Logaritfaiaa. 



THE BEST BUHDEB'S PBICE BOOK. 

Fourth Edition^ in 12mo, eloth hoards, lettered, 40., 

WEALE'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK. 

Published Annually. Containing the latest prices for work in aU branches of the 
Building Trade, with items numbered for easy reference ; and an Appendix of Table?, 
Notes, and Memoranda, arranged to afford detailed information commonly required 
in prepariagr Estimates, &o., for Builders and Contractors of Public Works. 



WIGHTWICK'S HINTS. 
With manerow Woodcuts. In 8ro, extra cloth^ top edges gilt, 8«., 

HINTS TO YOUNG ARCHITECTS. 

-Comprising Advice to those who, while yet at school, are destined to the profession ; 
lo such as, having passed their pupilage, are about to travel ; and to those who, having 
•completed their education, are about to practice : together with a Model Specification; 
involving a great variety of instructive and suggestive matter, calculated to facilitate 
their practical operations ; and to direct them in their conduct as the responsible 
agents of their employers, and as the rightful judges of a contractor's duty. 

By GEORGE WIGHTWICK, Architect, 
Author of " The Palace of Architecture," &c., &c. 



Preliminarj hints to young ar- 
chitects on the knowledge of 
drmwlng 

On senrinc hi* time 

On traTeliioK 

Hia plate on the door 

Orders, plan- drawing 

On his taate, stady of interiort 

Interior ammsementa 

warming and Ventilating 

Hotttebuilding, stabling 

Cottages and villas 

Model Specificatioa 



CONTEMTS. 

General Clatues 

Foundationt 

Well 

Artiftcial Foondationa 

Brickwork 

Bubble masoniy with brick 

mingled 
Stone-cutUng 

n Grecian or Italian only 

„ Gothic only 
Miscellaneous 
Slating 
Tiling 



Plaster and cement work 

Carpenters' work 

Joiners' work 

Iron and metal work 

Plumbers' work 

Drainage 

Well-digging 

Artificial lerels, con c re t e, 

d^tions, piling and p]*nkiag; 
paving, vaulting, beU-hangiag; 
plumSnig, and buUdini^ gene- 
rally. 



WORKS PUBLISHED BY LOCKWOOD & CO. 
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TEEBGOID'S CARPENTEY. FOURTH EDITION. 

In One large Vol. 4tto., 21. 2«., in extra cloth. 

THE ELEMENTARY PRINCIPLES OP 

CARPENTRY ; 

A Treatise on the pressure and equilibrium of timber framing, the resistance of 
timber, and the construction of floors, arches, bridges, roofs, uniting iron and stone 
-with timber, &c., with practical rules and examples ; to which is added, an essay on 
the nature and properties of timber, including the method of seasoning, and the 
causes and prevention of decay, with descriptions of the kinds of wood used in 
"building ; also numerous tables of the scantlings of timber for dififerent purposes, 
the specific gravities of materials, &c. 

By THOMAS TREDGOLD, Civil Engineer. 

Illustrated by fifty-three Engravings, a portrait of the author, and several Woodcuts. 
Fourth Edition, corrected and considerably enlarged. With an Appendix, containing 
specimens of various ancient and modern roofs. 

Edited by Peter Barlow, F.R.S. 



1 Eqnilibriiun and pressnre of 

beam*. 
S Pressure of beams and centre 

of ifravity 
8 Eqailibri\xni and pressure of 

beams and framing 

4 NaUed flooring 

5 to 9 Roofs 

10 Rooft that have been erected 

11 Roof of the riding- house at 

12 Domes [Moscow 

13 Partitions and centre 

14 Centres for stone bridges; 

centre used for the bridge at 
Neuilly; for the Waterloo 
Bridge, and Conon Bridge 
16 Centres for stone bridges 

16 Bridges 

17 Ditto, double plate 

18 Construction of bridges 

19 Bridges, double plate 

20 Bridges and joints 

21 Joints 

22 Joints and straps 

23 Roof and construction of the 

Pantheon, Oxford Steet 

24 Ditto 

25 Section of Roof of Hall, Park- 

hurst Prison 
28 Section of roof of New Saloon, 
Academy of Arts, Florence 



CONTENTS OF PLATES. 

27 Longitudinal section of ditto 

28 Truss of tfae roof of the Ducal 

riding house, Modena, double 
plate 

29 Truncated roof of ditto 

30 Truss of roof of ditto. 

31 Section of the roof over the 

Exchange, Geneva, double 

32 Foot of truss of roof over the 

new theatre at Ancona, 
ditto, Palazzo Vecchlo, 
Florence; ditto, Cathedral, 
Florence, double. 

33 Roofs of the Cathedral at 

Leghorn, double 

34 Details of roof of Christ's 

Hospital, ditto 
36 Ditto 

36 Longitudinal section of St. 

Dunstan's Church, Fleet 
Street, double 

37 Roof and plan of ditto, ditto 

38 details of ditto, ditto 

39 Truss at the Thames Plate 

Glass Works; truss at the 
Princess's Theatre, Oxford 
Street ; truss at a house in 
Berkeley Square 

40 Roof of iron and timber at 

Nottingham Water Works, 
treble plate 



41 



42 
43 



Cast-iron roof over the model- 

room of the Butterley Com- 

paujr, treble 
Cast-iron roof over the smith- 

ery of the ditto, ditto 
Iron and timber roof over 

the engine manufactory of 

the ditto, ditto 

44 Roof to King's College Cha- 

pel, Cambridge, ditto 

45 Ditto, transverse section 

46 Details, ditto 
Details, ditto 
Section of roof Great Northern 

Railway, London Terminus, 
Passenger Station 
Sections and details of ditto 

50 Great Northern Railway, Lon- 

don Terminus, Goods' Sta- 
tion, transverse section 

51 Iron Roof made for the Clyde 

Trustees for the Quay at 
Glasgow, with df tails 

52 Details of iron roof erected for 

Messrs. Joseph Whitworth & 
Co., Manchester 
Details, &c.. of an iron roof, 
erected at the Qalway Termi- 
nus 



47 
43 



49 



63 



HAITDT BOOE FOB ACTUARIES, BANEBBS, INSTTBANCE OFEIGES, 
AND COMMEBGIAL MEN m 6ENEBAL. 

In 12ffu>, eUtk, price 58. 

THEORY OF COMPOUND INTEREST AND 

ANNUITIES, 

With TABLES of LOGARITHMS for the more difficult computations of Interest, 
Discount, Annuities, &c., in all their applications and uses for Mercantile and State 
purposes, with a full and elaborate introduction. 

By FEDOR THOMAN, of the Soci6td Credit Mobilier, Paris. 

*A Tcry powerful work, and the Author has a *'Tiie author of this 'handy-book' deserres out 

Tery remarkable command of his subject."— Pro- thanks for his successful attempt to extend the 

feaaor A. de Morgan.. use of loj^arithm*."— IiMwniKce Gaxette. 

" No banker, merchant, tradesman, or man of " We recommend it to the notice of actuariei 

business ought to be without Mr. Thoman's truly and accountants."— JfAciunun. 
• handy-book.'"- ii«rino. 
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WORKS PUBLISHED BY LOCKWOOD & CO. 



WEALFS EK6INEEB*8 POGKEI BOOK 
With 8 copper plateM, and numerova wxtdevts, in roan tnde, 6«. 

THE ENGINEER'S, ARCHITECT'S, AND 
CONTRACTOR'S POCKET BOOK. 

Published annually. With Diabt of Etbntb and Data connected wiOi £ngrtiieeruig', 
Arohitecture, and the kindred Sdences, professionally and otherwise reTlsed. 



AII071. Almsrack 

Balljuting. Barlow 

Barrel Drains 

Beaaemer on the Manufacture of 

Iron and Steel • 
Boilen and Eni^ineB (Proportions 

oO 

Boilers, Furnaces, and Chimneys 

Calendar 

Carpentry and Joinery 

Cask and Malt Gaugins 

Castiuxs. sundry for Sewers, Gaa< 
works, &c. 

Caat4ron Colnmns and Girdcft 

Ctiairs for Railways 

Chimneys, dimensions of 

Circumference of Circles 

Circular Arcs (Tables of) 

Circle, Cylinder, Sphere, &e. 

Coal Experiments ; Economic 
Values of Coals 

Cokinr (evanoratlTe Powera of 
Coal, and Basalts of) 

Columns, Posts, &e. 

Copper Mines (Synopsis of) in 
Devon and Cornwall 

Cornwall Pumping-Enginei 

Current Coins 

Du Buat 

Earthwork 

East London Waterwodu 

Eclipses 

Elastic Properties of Steam 

ElUpses, Cones, Fru»tnims, Ac. 

Ephemerides of the Planets 

Fairbaim on the Mechanical Pro- 
penies of Metals ; on the tensile 
atrenfrth of Wrought Iron at 
▼arions temperatures: Tubular 
Girder Bridces; Kotes %n 
TouKhened Cast-iron: on the 
Beslstance of Tubes to Collapse 

Flooring 

French and English Scales 

Friction 

Fuel on the American Railways 
and on English Railways 

Oaa EngiBeeri' Calendar 



OOimHTS VOB 1860. 

Gauges (List of) and Weitrhta of 
Qalvanixed Tinned lion Sheets 

Girders (Cast-iron) 

Hawks ley 

Heat (Effects of) 

High Water at London Bridge 

Howard 

Hydraulics 

Hydrodynamics 

Institution of Civil Engtaieen 
(Lilt of Members of) 

Institute of British Architects 
(List of Members of) 

Iron Bax 

Iron 

•~— Boofi 

Knot Tables 

Latitudes and liOBgUndea [ftc. 

Log. of Sines, Cosines, Toagents, 

Marioe Engines 

Marine Screw Pn^nlaloa 

Maris tier 

Maaonry 

Mensuration (Epitome of) 

Morin's Experiments on Fiietion ; 
on ik>pes 

Natural Sines, &c. 

Neville, on Retaining Walls 

Notes to accompany the Abbre- 
viated Table of Natural Sines 

Peninsular and Oriental Steam 
Fleet 

Probin [and Boilers 

Troportions of Marine Engines 

Proportional Sisea and Weights 
of Hexairon-heads and Nails for 
Bolts 

Pumping Water by Steam Power 

Rails 

Rennie (G.) ; Meesn. Rennie 

Roofs 

Ropeo, Experiments of 

Sewers 

Sleepers for Railways 

Smith's Sewer. Sound 

Speciflc Gravity of Gases 

Square, Rectangle, Cube, &c. 

Square and Round BarJron 



Strength of Celuinns 

Strength of Matertois of Coa- 

stmciion 
Strength of Rolled T-Iron 
Stone, Prsscitation of 
Stones 
Tables of the Wdgltt of Iran 

Coatiun for TinAer Roofs 
— — of tlie Properties of Differ- 
ent Kinds of Timber 
of the Weishu of BaDx 

and Chairs 
— — of the Weiicbt, Pressure; 

Ae. •! Materiala, CaatplMB. ke. 
• of Weighu of C<nper. Tin- 

Plates, Copper-PiM«.Co^a tm 

Coppers, Leiaden Pipee 
fttr the Diameter of a Wke4 

ofaGivenPitiA 
^— of the Weirkta of a Lineal 

Foot of Flat Bar- Iron, of a 

Superficial Foot <rf Varkma Me- 
tals, Ac 
— — of the Weight of a Uaeai 

Foot of Caat-iron Pipes 
•— — of the Diameter of SoUdor 

Cylinder of Caat-Ifoo, Ac 
 of the Diameter swd TUck- 

neaa of Metal of Hollow Co- 

Inmas of Cast-iron 
—~ of Cast-Iron StaneluoBa 
—— of Streagth of Caat-lxua 

Bars 

of the Yalnea of Eartbwoik 

of Weighto and Mooanwes 

— — of Natural Sinea 

Teeth of Wheels 

Telford's MeiBocMidnai Book 

Thermometers 

Timber for Carpentry and Joinery 

Tiedfold's Bole 

Waterworks 

Weights of Copper, Braa% Steel, 

Hoop-Iron, Ac. 
Weights and Mens ores 
WeiKhts of Rails 
Wickstead 
Woods 



* * 



MB. WEALE'S SEEIES OF 

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL WORKS, 

At prices yarying from la, to 28. 6d, 
Lists may he had on application to Messrs. Locewood & Go. 

This excellent and extraordinarily cheap series of books, now comprising 
upwards of 150 different works, in almost every department of Science, 
Art, and Education, is strongly recommended to the notice of Mechanics' 
Institutions, Literary and Scientific Associations, Free Libraries, CJolleges, 
Schools and Students generally, and also to Merchants, Shippers, &c. 



CATALOGUE 



OF 



BUDIMENTART, SCIENTIFIC, EBUCirTIOML, AND 

CLASSICAL ¥OEKS 

FOB 

COLLEGES, HIGH AND ORDINAEY SCHOOLS, 
AND SELF-INSTEUCTION. 

MECHANICS' INSTITUTIONS, FREE LIBRARIES, &c., &o. 



ME. WEALE'S 
SERIES OF RUDIMENTARY WORKS 

FOR THE USB OF BEGINNEES. 



LONDON : JOHN WEALE, 59, HIGH HOLBORN. 
WHOLESALE AGENTS, LOCKWOOD & CO., 7, STATIONERS' HAIJi COURT, E.C. 

The several Series are amply illustrated, in demy 12mo., each neatly bound in 
cloth ; and, for the convenience of purchasers, the subjects are published separately 
at the following prices : 

1. CHEMifiTBY,by Prof. Fownes, F.B.S., including Agricultural Chemistry, 

for the use of Farmers Is. 

 

2. Natubal Philosophy, by Charles Tomlinson 1« 

3. Geoloot, by Major-Gen. Portlock, F.E.S., &c. . . . U, 6«f. 

4. 5. Mineralogy, -with Mr. Dana's additions, 2 vols, in 1 . , , 2s. 

6. Mechanics, by Charles Tomlinson Is. 

7. ELBcmioiTY, by Sir William Snow Harris, F.R.6. . . .1*. 6d. 

7.* On Galvanism ; Animal and Voltaic Electricity ; Treatise on 
the General Principles of Galvanic Science, by Sir W. Snow Harris, F . E. S . Is. 6d. 

8. 9, 10. Magnetism, .Concise Exposition of, by the same, 3 vols, in 1. 3*. 6d, 

11, 11* Electric Teleorafh, History of the, by E. Highton, C.E. . . 2*. 

12. Pneumatics, by Charles Tomlinson Is. 

13, 14, 15, 15,* Civil Enoineesino, by Henry Law, O.E., 3 vols. ; and 

Supplement by G. E. Bumell, C.E.,in 1 vol. . • , 4^,6d, 



16 BUDIMENTART SERIES. 

16. AacHiTEcrvRE, Orders of, by W. H. Leeds It, 

17. Architbcture, Styles of, by T. Bury, Arcbitect . • . » ls.6d. 

18. 19. AacHiTECTUEE, Principles of Design in, by E. L. Garbett, 2to1b. in. 1 : 2(. 
20, 21. Pebspective, by G. Pyne, 2to1s in 1 .29. 

22. BuiLDixo, Art of, by £. Dobson, C.E If, 

23, 24. Bbick-Makino, Tile-Maxino, &c., Art of, by the same, 2 toIs. 

in 1 2f. 

25, 26. Masonry and Stone-cuttino, Art of, by the same, with, illustra- 
tions of the preceding, 2 vols, in 1, by me same . • . . 2«. 

27, 28. Painting, Art of, or a Grammar of Golourimo, by George Field, 

2 vols, in 1 2s. 

29. Draining Districts and Lands, Art of, by G. D. Dempsey, C.E. Is. 

50. Draining and Sewage of Towns and Buildings, Art of, by the 

same ls,6d. 

31. Well-sinking and Boring, Art of, by G. E. Bumell, C.E. . . Is. 

32. Use of Instruments, Art of the, by J. F. Heather, M.A. • . . Is. 

33. Constructing Cranes, Art of, by J. Glynn, F.E.S., C.E. . . Is. 

34. Steam Engine, Treatise on the, by Dr. Lardner Is. 

35. Blasting Bocks and Quarrying, and on Stone, Art of; by Lieut.- 

Gen. Sir J. Burgoyne, Bart., G.C.B., E.E Is. 

36. 37, 3d, 39. Dictionary op Terms used," by Architects," Builders, Civil 

and Mechanical Engineers, Suryeyors, Artists, Ship-builders, &c., 
4 Tols. in 1 • • . 4s. 

40. Glass Staining, Art of, by Dr. M. A. Gessert Is. 

41. Painting on Glass, Essay on, by E. 0. Fromberg • . . . . Is. 

42. Cottage Building, Tieatise on . 8 Is. 

43. Tubular and Girdsr Bridges, and others, Treatise on, more particu- 

larly describing the Britannia and Conway Bridges . . . . Is. 

44. Foundations, &c , Treatise on, by E. Dobson, C.E. , . • .Is. 

45. Limes, Cements, Mortars, Concrete, Mastics, &c., by G. B. 

Bumell, C.E Is. 

46. Constructing and Bepairing Common Boads, by H. Law, C.E. . Is. 

47. 48, 49. Construction and Illumination of Lighthouses, by Alan 

Stevenson, C.E., 3 vols, in 1 3s. 

65. Law op Contracts fob Works and Services, by David Gibbons , Is. 

51, 52, 53. Naval Architecture, Principles of the Science, by J, Peake, 

N.A., 3 vols, in 1 3s. 

53*. Laying opp Ships, being an introduction to the Mould Loft of Ship 

Building, by James Peake, N.A. in the press , . .Is. 6d, 

53**. Atlas of large Plates to ditto ditto Is* 6<^ 

54. Masting, Mast-making, and Eigging op Ships, by B. Kipping, 

j^i •^. ........... XS. Dw. 

54*. Iron Ship Building, by John Grantham, N.A. and C.E. . 2*. 6rf. 

56, 56. Navigation, Treatise on ; The Sailor's Sea-book. — ^How to 

keep the Log and work it off— Latitude and Longitude — Great Circle 
Sailing— Law of Storms and Variable Winds ; and an explanation 
of Terms used, with coloured illustrations of Flags . . .2*. 

57, 68. Warming and Ventilation, by Charles Tomlinson, 2 vols, in 1 . 2s. 
59. Steam Boilers, by B. Armstrong, C.E U. 
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OO, 61. Land AND Engineering Surveying, by T.Baker, C.E., 2 vols, in I: 2y. 

C2. Railway Details, by Sir M. Stephenson, Vol. I. ... . 1#. 

62*. Railway Working in Great Britain, Statistical Details, Table of 
Capital and Dividends, Revenue Accouuts, Signals, &c., (Sec, by E. 
D. Chattaway. Yol. II 1«. 

63, 64, 65. Agricultural Buildings, the Construction of, on Motive 
Powers, and the Machinery of the Steading ; and on Agricultural 
Field Engines, Machines, and Implements, by G. H. Andrews, 
3 vols, in 1 Ss. 

€6. Clay Lands and Loamy Soils, by Prof. Donaldson, A.E. . . . 1*. 

67, 68. Clock and Watch-making, and on Church Clocks, by E. B. 

Denison, M.A., 2 vols, in 1 2s. 

69, 70. Music, Practical Treatise on, by C. C. Spencer, 2 vols, in 1 . . 2«. 

71. Piano-Forte, Instruction for Playing the, by the same . . .1*. 

72. 73, 74, 75, 75*. Recent Fossil Shells (A Manual of the MoUusca), 

by Samuel P.Wood wai'd, and illustrations, 4 vols, in 1, Supplement 5s. 6d. 

76, 77. Descriptive Geometry, by J. F. Heather, M.A., 2 vols, in 1 . 2s. 

77* Economy op Fuel, by T. S. Prideaux Is. 

78, 79. Steam as applied to General Purposes and Locomotive 

Engines, by J. Scwell, C.E., 2 vols, inl 2s. 

78*. Locomotive ENGiNE,|by G. D. Dempsey, C.E. . . , .1*. 6d. 

79*. Atlas of Plates to the above . , , . . , is. Gd. 

79**. On Photography, the Composition and Properties of the Chemical 

Substances used, by Dr. H. Ilalleur Is, 

80, 81. Marine Engines, and on the Screw, &c., by R. Murray, C.E. 

2 vols, in 1 2s, 6d, 

80», 81*. Embanking Lands from the Sea, by John Wiggins, F.G.S., 

2 vols, in 1 2s. 

82. 82*. Potter op Water, as applied to drive Flour Mills, by 

Joseph Glynn, F.R.S., C.E 2s, 

83. Book-keeping, by James Haddon, M.A. Is, 

82**, 83*, 83* Coal Gas, on the Manufacture and Distribution of, by 

Samuel Hughes, C.E Ss, 

82***. Water Works for the Supply of Cities and Towns. Works 
which have been executed for procuring Supplies bv means of 
* Drainage Areas and by Pumping from Wells, by Samuel Hughes, C.E. Zs, 

83**. Construction op Door Locks, with illustrations . , Is, 6d, 

83 {bis). Forms op Ships and Boats, by W. Bland, of Hartlip . , , Is, 

84. Arithmetic, and numerous Examples, by Prof. J. R. Young . Is. Gd, 
84*. Key to the above, by the same Is. 6d. 

85. £<2UATional Arithmetic, Questions of Interest, Annuities, &c., by 

W. Hipsley 1*. 

85*. Supplementary Volume, Tables for the Calculation of Simple 
Interest, with Logarithms for Compound Interest and Annuities, 
&c., &c., by W. Hipsley 1*. 

86. 87. Algebra, by James Haddon, M.A., 2 vols, in 1 . . • , 2s, 
86*, 87*. Elements of Algebra, Key to the, by Prof. Young . . 1*. (jd, 
88, 89. Principi^es OF Geometry, by Henry Law, C.E., 2 vols, in 1 . . 28, 

90. Geometry, Analytical, by James Hann 1^. 

91, 92. Plai^ and Spherical Trigonometry, by the same, 2 vols, in 1 2«. 



18 EUDIMENTiJtT 6BRIBS. 

93. Menbuhation, by T. Baker, C.£. Ii. 

94, 96. Looahithms, Tables for facilitating Astronomical, Nautical, Trigo- 

Bometrioal, and Logarithmic Calflitlationg, by fi. Law, G^., 2 yoli. 
inl 2i. 

96. Popular Astronomy, by the Bey. Bobert Main, M.B.A.S. . . . U 

97. Statics and Dynamics, by T.Baker, C.E U 

98. 98*. Mechanism and Practical Construction op Ma.chisbs, On 

Tools and Machines, by James Kosmyth, C.£ 2«. 6^. 

99, 100. Nautical Astronomy and Navioation, by Prof. Young. 2 vols. 

inl 21. 

100*. Navigation Tables, compiled for practical use with the abore 1«. Sd. 

101. DiFFBRENTiAL Calculus, by Mr. Woolhouse, F.B.A.8. • . . U. 

101*. Weights and Measures of all Nations ; Weights. Coioa, and 
the various Divisions of Time, with the principles whicn determine 
Rates of Exchange, by Mr. Woolhouse, r .B.A.S. . • .1*. W. 

102. Integral Calculus, by H. Cox, M.A . 1«. 

103. Integral Calculus, Examples of, by James Hann . . . . Is. 

104. Differential Calculus, Examples of, by J. Haddon, M.A. . . U 

105. Algebra, Geometry, and Trigonometry, Mnemonical Lessons, by 

the Bev. T. Penyngton Kirkman, M.A Ix. 6i2. 

106. Ships' Anchors for all Services, by George Cotsell, upwards of 

100 illustrations . . . . ' lt,6tL 

107* Metropolitan Buildings Act, in present operation, with Notes 2t, 6d, 

108. Metropolitan Local Management Acts . . . • ,lt,6d.- 

109. Limited Liability and Partnership Acts . . , , It,^ 

110. Six Becent Legislative Enactmbnts, for Contractors, Merchants, 

and Tradesmen 1;. 

HI. Nuisances Bbmoval and Disease Prevention Act , , • . 1*. 

112. Domestic Medicine, by M. Baspail li.Bi, 

113. Use of Field Artillery on Service, by Capt. H, Maxwell, B. A. 1*. 6i. 

114. On Machinery : ThcMachine in its Elements, Practice, and Purpose, 

by Chas. D. Abel, C.E., wood-cuts 1*. 6ef. 

115. Atlas of Plates of several kinds op Machines, 14 plates large 

4to 4s, 6d. 

116. Eudimentary Treatise on Acoustics : The Distribution of Sound, 

by G. B. Bumell, C.E !».&?. 

117. On Canal Engineering and Artipicial Navigation, by G. B. 

Bumell, C.E UM. 

118. 119. On the Civil Engineering of North America, by D. Steven- 

son, C.E., 2 vols, in 1 , 3s. 

120. On Hydraulic Enginebring, by G. B. Bumell, C.E., 2 vols, in 1 . 3*. 

121. On Biver Engineering and the CoNSTRUcmoN op Docks and 

Harbours, by G. B. Burnell, C.E. Yol. III. . . . .2s. 

122. On Fluids, by G. B. Bumell, C.E li. 

123. On Carpentry and Joinery, founded on Dr. Bobison's "Work, with 

wood-cuts * • . 1*. 6rf 

123*. Atlas to ditto 4s, ^ 
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124. On Boofs fob Public and Pbiyate Buildings, founded on Br. 

Eobison^'s "Work Is. 6^. 

124*. Becentlt constructed I&on Boofs, Atlas of plates . . 4«. 6d. 

125. On the Combustion of Coal and the Prevention op Smoke, 

Chemically and Practically Considered, by Chas. Wye Williams, 
M.I.C.E / The 2 vols. ) o 

126. Illustrations to ditto ( in 1. j '^^ 

127. Rudimentary and Practical Instruchons in the Art of Archi- 

tectural Modelling, with illustrations for the Practical Appli- 
cation of the Art, by J. A. Richardson, Arch. . , . Is. 6d, 

128. The Tvn Books of M. Vitruvius on Civil, Militart, and Naval 

Architecture,* translated by Joseph Gwiit, Arch., 2 vols, in 1, in 
thepress . . . . , , 2s. 6d. 

129. Atlas of Illustrative Plates to Drrro, in 4to, with the Yignettes, 

designed by Joseph Qandy, in thepress .... 4s. 6d, 

130. Introduction to the Study and the Beauty of Grecian Archi- 

tecture, by the Right Hon. the Earl of Aberdeen, &c., &c., &o., 
in thepress Is, 



ME. WEALE'S 
NEW SERIES OF EDUCATIONAL WORKS. 



1, 2, 3, 4. Constitutional History of England, by W. D Hamilton . 4*. 

5, 6. Outlines of the History of Greece, by the same, 2 vols. , 2s. 6d, 

7, 8. Outline of the History of Rome, by the same, 2 vols. . 2s. 6<f. 

9, 10. Chronology of Civtl and Ecclesiastical History, Litera- 
ture, Art, and Civilisation, from the earliest period to the 
present, 2 vols 2s. 6e^. 

11. Graioiar of the English Language, by Hyde Clarke, D.C.L. . Is. 

11*. Hand Book of Comparative Philology, by the same . . . Is. 

12, 13. Dictionary of the English Language. A new Dictionary of 
the English Tongue, as spoken and written, above 100,000 words, 
or 60,000 more than in any existing work, by the same, 3 vols. 
inl 3s. 6^. 

14. Grammar of the Greek Language, by H. C. Hamilton . . . Is. 

15, 16. Dictionary. OF the Greek and English Languages, by H. R. 

Hamilton, 2 vols, in 1 * 2«. 

17, 18. English and Greek Languages, by the 

same, 2 vols, in 1 2s. 

19. Grammar of the Latin Language, by the Rev. T. Goodwin, A.B. . Is. 

20, 21. Dictionary of the Latin and English Languages, by the 

same. Vol. I. . - 2s. 

22, 23. English and Latin Languages, by the 

same. Vol. II. •,.,••••• Is. €ef. 

24. Grammar OP the Fbbncs Languagb . • U, 

* This work, translated by a scholar and an architect, was originally published at 
86«. It bears the highest reputation, and being now for the first time issued in this 
SexieB, the student and the scbolaj: will receive it as a boon from the gifted translator. 



20 EDUCATIONAL SERIES. 

25. DicnoNART OF THE Fbench Aio) ENGLISH LANGUAGES, by A. Elwes. 

Vol.1 li. 

26. ' I English and French Langitages, by the same. 

Vol. n ^ U.Gd. 

27. Grammar of the Italian Language, by fhe same . . . . I«. 

28. 29. Dictionary of the Italian, English, and French I^anguagbs, 

by the same. Vol. I. 2s. 

30, 31. English, Italian, and French Languages, 

by the same. Vol. II . . . 2<. 

32, 33. — . French, Italian, and English Languages, 

by the same. Vol. HI , ... 2s, 

■34. Grammar of the Spanish Language, by the same . • • . U, 

35, 36, 37. 38. Pigtionart of the Spanish and English Languages, 

by the same, 4 vols, in 1 4s, 

39. Grammar of the German Language • Is, 

40. Classical German Beader, from the best authors . . . • li. 

41, 42, 43. Dictionaries of the English, German, and French Lan- 
guages, by K. E. Hamilton, 3 vols., separately Is, each . . Zs, 

44, 45. Dictionary of the Hebrew and English Languages, contain- 
ing the Biblical and Babbinical words, 2 vols, (together with the 
Grammar, which may be had separately for Is.) by Dr. Bresslau, 
Hebrew Professor ... • • • • • • • • 7'« 

46. English and Hebrew Languages. Vol, m. 

to complete •••••••••• ..Sf* 

47. French and English Phrase Book U» 



THE SERIES OF EDUCATIONAL WORKS 

Are on sale in two hinds of binding ; the one for ttse in Colleges and S(^iools 

and the other for the Library, 



Hamilton's Outlines op the History of England, 4 vols, in 1. strongly 

bound in cloth 5s, 

Ditto, in half-morocco, gilt, marbled edges • . ,5s,Qd, 

History op Greece, 2 vols, in 1, bound in cloth • • . , 3«. 6rf. 

Ditto, in half-morocco, gilt, marbled edges • • « • • .4*. 

History of Eome, 2 vols, in 1, bound in cloth 3*. 6^. 

Ditto, in half-morocco, gilt, marbled edges •••... 4*. 

Chronology of Civil and Ecclesiastical History, Literature, Art, 

&c., 2 vols, in 1, bound in cloth 3s, 6d, 

^Ditto, in half-morocco, gilt, and marbled edges • . . , 4s, 

Clarke's Dictionary of the English Language, bound in cloth • 4«. 6rf. 

• -, in half-morocco, gilt, marbled edges 5*. 

, bound with Dr. Clarke's English Grammar, in cloth • 5*. 6rf. 

Ditto, in half-morocco, gilt, marbled edges , . . . 6». 



CLASSICAL SERIES. 21 

Hamilton's Greek and English and English and Greek Dictionary, 

4 vols, in 1, bound in cloth 5s, 



Ditto, in half-morocco, gilt, marbled edges , . , 6s. 6d. 

^Ditto, with the Greek Grammar, bound in cloth . . 6s. 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . 65. 6d. 

Goodwin's Latin and English and English and Latin Dictionary, 2 

YoLs. in 1, bound in cloth • . 4t. 6^^. 

Ditto, in half-morocco, gilt, marbled edges 5s, 

•: Ditto, with the Latin Grammar, bound in cloth . • 6s. 6d» 

Ditto, with Ditto, in half -morocco, gilt, marbled edges . , 6s. 

Elwes' 8 French and English and English and French Dictionary, 

2 vols, in 1, in cloth . . ..... 3«. 6^. 

— ^— Ditto, in half-morocco, gilt, marbled edges . . . . . 4s. 

Ditto, with the French Grammar, bound in eloth . , is, 6d, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges • , , 6s, 

French and English Phrase Book, or Vocabulary of all Conversational 

Words, bound, to carry in the pocket Is. 6d, 

Elwes's Italian, English, and French. — English, Italian, and 
French, — French, Italian, and English Dictionary, 3 vols, 
in I, bound in cloth 7s. 6d. 

Elwes's Ditto, in half-morocco, gilt, marbled edges . • • , Ss 6d. 

Ditto, with the Grammar, bound in cloth • • . , Ss.6d, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges , . 9^. 

-^-— ^- Spanish and English and English and Spanish Dictionary, 

4 vols, in 1, bound in cloth • . . • • . , , 6s. 

Ditto, in half-morocco, gilt, marbled edges . • . , 6s.6d, 

Ditto, with the Grammar, bound in cloth 6s, 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . 6s, 6d, 

Hamilton's English, German, and French, — Gfjiman, French, and 
English, — ^French, German, and English Dictionary, 3 vols, 
in 1, bound in cloth • . . , » is. 

. Ditto, in.haIf-morocco, gilt, marbled edges . , ,45. 6^. 

Ditto, with the Grammar, bound in cloth 5s, 

Ditto, with Ditto, in half-moroeco, gilt, marbled edges . 6s. 6d, 

Bresslau's Hebrew and English Dictionary, with the Grammar, 3 

vols, bound in cloth lis, 

— Ditto, 3 vols., in half-morocco, gilt, marbled edges • • . lis. 



Now in the course of Publication, 

GREEK AND LATIN CLASSICS, 

Price Is, per Volume, (except in some instances, and those are Is, 6d, or 
2$. each), very neatly printed on good paper. 

A Series of Volumes containing the principal Greek and Latin Authors, 
accompanied by Explanatory Notes in English, principally selected from 
the best and most recent German Commentators, and comprising aU those 
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Works that are easential for the Scholar and the Pupil, and applicable for 
the UniversitieB of Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen, 
and Dublin,— the Colleges at Belfast, Cork, Qalway, Winchester, and BtoD, 
and the great Schools at Harrow, Bugbj, &c. — ^also for Pxiyate Tuition and 
Instmotion, and for the Library. 

Tho9e that are not priced are in ike Preu. 



LATIN SERIES. 



1 A new Latim Delectus, Extracts 

fVoin Classical Authors, with 
Vocabolaries and Kxplanatory 
Kotos * 1«. 

2 Cesar's Commkntajoss on the 

Gallic War ; with Grammatioal 
and Explanatory Notes in Eng- 
lish, and a Gaographical Index St. 
8 Cornelius Nsfos; with English 
KotoA, &e If. 

4 ViBOiL. The Oeorgics, Buoolics, 
and doubtful Works : with Eng- 
lish Notes It. 

5 Yiroil's J^<vsm(on the same plan 

as the preceding.) . . . . 2t. 
8 Horace. Odes and Epodes ; with 
English Notes, and Analysis and 
eitplanation of the metres . . It. 

7 Horace. Satires and Epistles, 

with English Notes, &c. . It, 6(2. 

8 Sallust. Conspiracy of Catiline, 

Jugurthine War . . . 1«. 6<2. 



9 Terence. Andria and Heauton- 
timorumeDoa . . . UML 

10 Terb!7cs. Fhormio, AddpM and 

' Hecyra It. 6d 

11 Cicero. Orations against Catiline, 

for Sulla, for Archias, and for the 
Hanilian Law. 

12 CicBRa First and Second Phi- 

lippics; Orations for Milo, for 

Maroellus, Ac. 
IS Cicero. De Officiia. 
11 Cicero. De Amicitia, de Senee- 

tute, and Brutus . . If. &f. 

15 JuYENAL and Persius. (The in- 

delicate passages expunged). 

16 LivT. Books L to ▼. in 2 parts . St 

17 Livr. Books xxi. and xxil . I& 

18 Tacftus. Agricola; Germania; 

and Annals, Book i. 

19 Selections troxo. Tibullus, Otid, 

Fbopbrtius, and Lucretius. 

20 Selections firom Suetonius and the 

later Latin Wxtters. . . U6i 



GREEK SERIES, 

ON A SIMILAB PLAN TO THE LATIN SSBnOEL 



1 IKTRODUOTORT GRXEK BBAnCR. 

On the same plan as the lAtin 
Kcader It. 

2 Xenophon. Anabasis, i. ii ill. . It. 
8 Xenophon. Anabasis, iv. v. vi. 

' vu. . . . *. . .1,. 

4 LuciAN. Select Dialogues . . It. 

6 HoafER. Iliad, i. to vi . It. 6<2. 

6 Homer. Iliad, vii. to xii. .It 6d. 

7 HoMBR. Iliad, xiii to xviiL It. 6rf. 

8 Homer. Iliad, xix. to xxiv. It. td 

9 Homer. Odyssey, i. to vi. la. 6d. 

10 Homer. Odyssey, vii. to xiL It. 6d. 

11 Homer. Odyssey, xiiL to xviii. 

12 Homer. Odyssey, xix. to xxiv. ; 

and Hymns. 
18 Plato. Apology, Crito, andPhaado. 

14 Herodotus, i. ii. 

15 Herodotus, ili. to iv. 

16 Herodotus, v. vi and part of vii. 

17 Herodotus. Remainder of vii. 

viii. and ix. 

18 Sophocles ; (Edipus Rex. . . It. 

19 Sophocles ; (Edipus Colonseus. 

20 Sophocles ; Antigone. 

21 Sophocles; Ajax. 

22 SoPHoca.Es ; Philoctetes. 



23 Euripides; Hecuba. 

24 Euripides; Medea. 

25 Euripides; Hippolytns. 

26 Euripides; Aloestis. 

27 Euripides: Orestes. 

28 Euripides. Extracts from the 

remaining plays. 

29 Sophocles. Extracts from ths 

remaining plays. 
80 iBscHTLun. Prometheus Vinctus. 
PerssB. 

Septem contra Theboa 
Cho^phone. 
Eumenides. 
Agamemnon. 
Suppliccs. 
Select Lives. 

Clouds. 

Frogs. 

Selections from the 



31 iBSCHTLUa 

32 iBsCHTLDS. 

33 iE-CUTLUS. 
84 iBsCHTLUS. 

35 .^SCHTLUS. 

36 iBsCHTLUS. 

37 Plutabch. 

38 Aristophanes. 

39 Aristophanes. 

40 Aristophanes. 



remaining Comedies. 

41 Thuovdides, i !*• 

42 Thucydides, ii. 

43 Theocritus, Select Idyls. 

44 Pindar. 

45 Isocrates. 

46 Hesiod. 



LONDON : JOHN WBALE, 59, HIGH HOLBOBN. 
WHOLESALE AGENTS, LOCKWOOD & CO., 7, STATIONERS* HALL OOUBT, ICl 
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